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ABSTRACT

This report contains computer programs, instructions, and sample
input-output data for antenna pattern synthesis as developed in the
previous report "Computational Methods for Antenna Pattern Synthesis.'
The programs are valid for point sources arbitrarily distributed in a
plane, and for pattern synthesis in this plane. Included are programs
for synthesis with (1) pattern magnitude and phase specified, (2) pat-
tern magnitude only specified, (3) these two cases with a constraint
on the source norm, and (4) the first two cases with a constraint on the
source quality factor. Also included are programs to compute and plot

the specified and synthesized patterns.
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1. INTRODUCTION

The programs used to compute the examples of Scientific Report No. 2,
entitled "Computational Methods for Antenna Pattern Synthesis,' are described
and listed in this report. Each program is accompanied by an explanaticn of
the input data, a verbal flow chart, and sample input-output data. Equations
of the previous report [1] will be denoted (2- ), and equations of this re-
port will be deroted by a single number,

The programs are written to be valid for N point sources arbitrarily
distributed in a plane, and for pattern synthesis in this plane. However,
for the examples all synthesized patterns are radiated by 10 point sources
equally spaced on the half of an ellipse on one side of the minor axis. The
major axis of the ellipse is twice as long as the minor axis. The first and
last point sources are at the ends of the minor axis. Pattern synthesis is
accomplished by adjusting the complex arplitudes of the 10 point sources so
that the pattern radiated bv these point sources is as close as possible to
a specified pattern. "he umplitude of the specified pattern uscd 15 sketche!

below.

“(/\,, field pattern

“x A

xx 5 X
T x X T, sources

0

Figure 1. 10 point sources and specified pattern.

{1] "J. R. MautZz and R, F, Harrington, 'Computational Methods for Pattern
Synthesis," Scientific Report No. 2 on Contract F19628-73-C-0047
hetween Air Force Cambridge Research Laboratory and Syracuse University,
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I1. PATTERN SYNTHESIS

The program of this section computes the vector t of point source
strengths given by (2~16), This ¥ is the result of pattern synthesis with
phase specified., The program prints the magnitudes and phases of the ele-
ments of 'f The program also punches on cards the real and imaginary parts

of the elements of ¥ for input into the program of section IX of this report.

Punched card data is read into the program according to

READ(1,30) N,M,NK,NG
30  FORMAT(413)

READ(1,33) (BK(I), I=1, NK)
33 FORMAT (5E14.7)

READ(1,10) (X(1), I=l, N)
10  FORMAT(10F8.4)

READ(1,10) (Y(I), I=1, N)

READ(1,10) (PHI(I), I=1, M)

DO 35 JK=1, NK

DO 36 JG=1, NG

READ(1,10) (G(1), I=1, M)
36  CONTINUE
35  CONTINUE

The x and y coordinates of N point sources are read in as X and Y. The
specified pattern Eo of (2-16) is read in as G at M angles PHI (denoted
by ¢ in Figure 1) 1in degrees in the plane of the point sources. The
index JK of DO loop 35 denotes the JKth propagation constant BK(JK). DO
loop 36 mak2s it possible to deal s‘uccessively with NG different speci-
fied patteras at the same propagation constant BK(JK).

Minimum allocations are given by

COMPLEX C(N*N)
DIMENSTON LR(N)

in the subroutine LINEQ and by



COMPLEX G(M), T(N*M), TC(N*M)
TT(N*N), TG(N), F(N), TF(M)
DIMENSION BK(NK), X(N), Y(N), PHI(M),

TFM(M), FM(N), FP(N)

in the main program,

Nested NO loops 14 and 15 store the matrix element given by (2-18)
in T((m-1)*N+n) and its complex conjugate in TC((m-1)*N+n). Assuming
that [W] is the identity matrix, nested DO loops 16 and 17 store the
matrix ["I“*T] of (2-16) by columns in TT. The subroutine LINEQ inverts
the M by ¥ matrix stored in TT. MNested DO loops 19 and 20 store [:f’*]go
of (2-16) in TG, DO loop 22 stores f of (2-16) in F and, assuming that
{V] appearing in (2-9) is the identlty aatrix, HEH? In FF. Do loop 22
discovers that the element of f largest in magnitude is stored in F(J2).

DO loop 24 stores the complex synthesized pattern [T]? of (2-17)
in TF and the magnitude of the synthesized pattern in TFM. ||[T]-E”2 is
accumulated in TFS, the pattern synthesis error ||[T]f - Eollz in E, and
”é;”z in GG, Just after DO loop 24, N of (2-15) is stored in Q and E 1is
normalized by dividing by GG. Statement 59 punches F on cards for possible
input into the program of section IX. DO loop 41 normalizes the
element of f largest in magnitude to unity and then stores the magnitudes

and phases in degrees of f in FM and FP respectively.

The propagation constant BK of the input data is such that the point
sources are spaced about a quarter of a wavelength apart on the ellipse.
Actually, BK, X, and Y were calculated by a short auxiliary computer program
not listed in this report. In the sample input data the magnitude of the
specified pattern G is given in Figure 1, G is real and G is evaluated
at ¢ = 5°, 15°, 25°,...355° in the plane of the ellipse. The numbers
printed out under the headings FM and FP in the sample output were used to

construct the first two columns of Table 1 of Report No. 2.



LISTING UF PATTERN SYNTHESTS PROGRAV

// (0D344FF ¢ 15S0104) o "MAUIT? yJOF ! yREGTION=200K
/7 EXEC WATFIV
//GOGFTO2F001 DD SYSOUWT=R4NCH=(RECFM=F yRLKSTI7E=RN)
//7GOSYSIN D) =
$JNAK MAUT? o TIME=1, PAGFS=40
SUKROUTINE LINFO(LL L)
COMPLEX C{100)4STORGSTO4ST ¢S
DIMENSTON LR(50)
DO 20 1=1,LL
LR(T)=]
20 CONTINUE
M1=)
DN 18 M=1,LL
K=M
DO 2 T=M,lL
Kl=M1+]
K2=M]+K
TF(ABS(REAL(C(KL)))+ARS(AIMAGI{C(KL)))=ARSIREAL(C(K2)1)=-ARS(AIMAG(C
1(K2)))) 24246
6 K=1
2 CONTINUE
LS=LR(M)
LR(M)=LR(K)
LR(K}=LS
K2=M]+K
STOR=1,./C{K2)
J1=0
DO 7 d=1,LL
Ki1=J1+K
K2=.J1+M
STN=C{K1)
C(K1)=C(K?)
C(K2:=STO%STOR
JI=01+L L
7 CONTINUE
Kl1=M]+M
C(KY'!=STOR
DO 11 I=1,.LL
TF(1-M) 12411417
12 K1=M1+]
ST=C1K1l)
C(K1}=0,.
J1=0
DO1C J=1,LL
Ki=J: +1
K2=.1+M
C(K1 =CI(K1)=C(K?2)=ST
Jl=Jd)+LL
10 CONT ' NUE
11 CONTINUE
M1=M" 4L\
1R CONT!NUE
J1=0
NO 9 .=1,LL
TF(J-LR(J)) 14,E,14
14 LRJ=LREY)
J2= (LR =1 %L
21 Dt 13 T=14.0LL

10



K2=g2+1
Kl=Jl+!
S=C(K?)
CiK2)=C{K1)
C{K1)=aS
13 CONTINUE
LR{J)I=LR{LRY)
LR{LRJI=LR)
FF(J=LR(JI) 14,8414
8 Ji=gl+lL
9 CONTINUE
RETURN
END
COMPLEX UsUl4CONJG,GI36)4T(360)4sTCI360),TT(100),TG(10),F(10)
COMPLEX TF(36)
DIMENSTON BK(10)oX{10)sY(10)4PHI(3A) 1 TFM(36),FM(10),FP(10)
U=‘Oooln)
P1=3,141593
C=P1/1R0,
REANDIY1,30) NeM NKING
30 FNRMATI(4]13)
WRITE(3432) NoMNK,NG
32 FORMAT(*O N M NK NG'/1Xx,413)
READ(1+33)(BK(T)s1=14NK)
33 FORMAT(5E14,7)
WRITE(34,34)(BK{T1)sI=14¢NK)
34 FORMAT('OBK'/(1X45F14.7))
READ(1410)(X(1)y1=1,4N}
10 FORMAT(10FR,.4)
WRITE(3,13)(X{1)s1=14N)
13 FORMAT('OX'/(1X,10FB.4))
READ(1,10V(Y(1)y1=],4N)
WRITE(3,37)(Y(I)sI=1sN)
37 FORMAT('OY*'/(1X,10F8,4))
READ(110) (PHTI(1)y1=14M)
WRITEA3411)M(PHI(T ) al=14M)
11 FORMAT('OPHI'/(1X,10FR.4))
IM=M
DO 35 JK=1,NK
BR=RK (K
Ji=0
DO 14 K=1.,M
S1=PHI(K) %
C$=C0S(S1)
SN=SIN(S1)
DO 15 I=1,N
Ji=J1+1
S1=RR:{X (1 )*CS+Y(I)2SN)
TEILY=COS{ST)+U%SINISY)
TCLIL I =CONIGIT(J1))
15 CONTINUE
14 CONTINUE
J1=0
DO 16 Jd=14N
DO 17 1=1,N
Je=J
J3=1
Jl=J1+1
TT(J1)=0,
M) 18 K=1,M

11



12

20
19

23

22

25

24

26

27
59
38

TTUIN) =TT (JIL)+TC I3 ) 2T (J2)
J3=J3+N

J2=J2+N

CONTINUE

CONTINUE

CONTINUE

CALL LINEQIN,TT)

N0 36 J6G=14NG
FEAD(Y 210} (GII)Yol=1 M)
ERITE(3,12)(6G(1)s1=14M)
FORMAT('0G'/(1Xs10FB.4))
10 19 J=14N

$2=J

TG6lI)=0,

DO 20 K=1,M
T6LII=TELIIHTCLI2)%G(K)
J2=J2+N

CONTINUE

CONTINUE

FF=0.

32=0,

DO 22 J=1.N

“(J4)1=0.

N=J

0023 T=2],N
SLOV=F ) +TTLILI*TG(T )
J1=J1+N

SJONTINUE

S1=F ()Y =CONJGLF () )
FF=FF+51

JF({S1.LT.S2) GO TO 22
32=S1

J2=4

SONTINUE

J1=0

TFS=0,

F=0.

G6G=0.

DO 24 K=1,M

TF{K)=0,

DN 25 I=1.N

J1=d1+1
TRIK)=TF{K)+T(J1)%F (1)
CANTINUE
Si=TF(K)*CONJIGITF(K)}
TFM(K)=SQRT(S1)
TFS=TFS+S1
Ul=TF(K)=G(K)
E=E+U1%CON.IG (111)
GG=GG+G(K)*CONJGIGIK))
CONTINUE

0=IM%FF/TFS

E=E£/GG

WRITE(3426) GG4FF4F 40
FORMAT('0GG=4FlasTe! FF='yFlae7,y!
WRITE(3,27)(F{1)s]=14N)
FORMAT({'OF '/ (1Xs5F14.7))
WRITE{?2,38)(F(1)esl=1,4N)
FORMAT (5E14.7)
Ul=1./F{J2)

12
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DO 41 J=]1,N
FlJ)=UL%F{J)
FM({J)=CARSI(F(J))
S1=REAL(F(J))
S2=AIMAG(F()))
FPLI)=ATAN?(S2,S1)

FPLIY=FP()/C
41 CONTINUE

WRITE(3,42)(FM(J)eJ=14N)
42 FORMAT('OFM'/(1Xy10F7,3))
WRITE(3,43)(FP{J)yJ=14N)
43 FORMAT('OFP'/{1X410F7.1))
WRITE(342R)(TF(1)s1=14M)
28 FORMAT('OTF'/{1X,10FR.4))
WRITE(3,29)(TFM(T)ol=1,4M)
29 FORMAT('OTFM'/{1X,10FB.4))

36 CONTINUE
35 CONTINUE
STOP
END
.- $SDATA
10 36 1 1
0.,290RR82E+00

0.0000 5.3608 10,6048 15,5027 19.2648 19,2648 15,5027 10.604R
=10.0000 =9.6320 -B.4706 =6,72894 -2.5559

25559

0.0000

9,6320 10,0000

5.0000 15.0000 25,0000 35.0000 45,0000 55.0000 65,0000 75,0000 R5,0000 95.0000
105.0000115.0000125.0000135.0000145.000015%5.0000165,0000175,00001R5,0000195.0000
205.0000215.0000225.0000235.0000245.0000255.0000265,0000275,00002R5,0000295.0000
305.0000315.0000325.0000335.0000345,0000355.0000

5.0191 0.0000 3.8637 0.0000
1.2208 ¢.0000 1.1034 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.,0000
0.0000 0.,0000 0.0000 0,0000
0.0000 0,0000 0.0000 0.0000
0.0000 0.0000 0.,0000 0.0000

0.0000 0.0000
$STOP
/%
/1

PRINTED OUTPUT

N M NK NG
10 36 1 1

BK
0.2908H82E+00

X

0.0000 5.3608 10.6048 15,5027 19.264R 19.2h4R 15,5027 10,604R

\J

=10.0000 =9,A320 -B.4706 -h.2894 =2,5559

PHI

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

?.555%59

0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000

0.0000

9,6320 10.0000

5.0000 15,0000 25,0000 35.0000 45.0000 55.0000 65,0000 75,0000 R5.0000 95,0000
105.0000115.0000125.0000135,0000145.0000155.0000165,0000175,0000185.0000195.0000
205.0000215,00N00225.000023%.0000245.0000255.0000245,0000275,00002R5,0000295,0000
305.0000315.0000325.0000335.0000345.0000355.,0000



G
5.0191
1.,2208
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3,R6137
1.1034
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000

?2e3hhH7
1.0353
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.7434
1.003R
0.0000
0.0000
00,0000
0,0000
0.0000

66= 0.5554509E+0" FF= 0.1336A29€+02 E= 0.3121504F+00 0=

F

0.0000
0,0000
0.0000
0,0000
0,0000
0, 0000
0.0000

1.4142
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000

0.125927CE+02

~0.5421209E 00 0.52724890F-01 0.11H7R10F 01 0.5969R31F 00-0,1446704RF 01
=0.9448900F 00 0.6552452F 00 0.1437544F 01-0,3A53175F 00-0,79561R1F 00
-0.9229600E-02 0.1055H90F 01~0.43044195F 00=-0,R306R94F 00 0,RR3I731RF-01
0.1247218F 01-0.7381020F 00-0.8539429F 00 0,5231934F 00 0,2333546E-01

FM
c 04312

Fp
-38.3

TF
25665
0.,4798
0,3586

-0.2018
‘0-2452
0.2410
-0.5147
1.3298

TFM
2.5691
0.4233
0.3966
0.5295

0.762

172.9

0.1147
0.5563
-0.2250
-0,4032
-0.3117
‘0.?631
-0.1244
0.0654

3.1553
0.5333
0.5677
0.693]

1.000 0,903 0,502 0.605 0.507
0.0 =-147.4 32.6 -122.3 37.1
3.1540 -0.0913 2.7786 -0.4051
0.6498 0.5719 0.6R?21 0.17564
0.2700 -0,64598 040353 ~0.573?

-0.0808 ~0.48498 -0.0044 ~0.,4700

~0.2631 -0.5031 -0,120R ~0.h144
0.2951 -0.0465 0.1469 0.1761

-0.6R92 -0.,0737 -0.,RR27 -0.0299
2.B0B0 1,7747 0477372 0.73456
0.5743 «£530 0.4R?2R 0.4509
0.62672 0.5498 0.4339 0.35AR
0.8832 0.7317 0.0792 1.3314

14

0,717

~126.PR

1.72R83
0,451R
=0,2900
~0.0049
0.047R
-0.1679
-0.72R5

0.RA56
N.,4964
0,7987

0.647

1544

-0.,4121
~0.1075
-0.,4708
=0.3379
-0.5477

0.1827
-0.0679

0, 7044
0.,4700
0.2294

0.300

149 ,R

0.7716
0.3169
-0,3163
-0.10R9
0.1494
-0.,401R
0.0563

Dedhbd
0.34%R0
0.24R1

0.0000
0.,0000
0.0000
0.0000
0.0000
0.,0000
N, 0000

00,0494
-001359
-0-3647
-0.?40?
-0.4074
~0.0090
-0.0556

0.3449
0.2637
0.4019



III.  MAGNLTUDE_PATTERN SYNTHESLS

The program of this section implements the f(eld magnitude pattern

synthesis described {n section IV of Report No. 2.
Punched card data {s read in according to

READ(1,30) N,M,NK,NG,N9
30 FORMAT (513)

READ(1,33) (BK(1), I=1, NK)
13 FORMAT (5F14,7)

RFAD(1,10) (X(1), I=1, N)
10 FORMAT (10F8.4)

RFAD(1,10) (Y(1), I=1, N)

RFAD(1,10) (PHI(1), L=1, M)

DO 35 JK=1, NK

DO 36 JG=1, NG

READ(1,10) (G(1), I=1, M)
16 CONTINUE
35 CONTINUE

The x and y coordinates of N point sources are read in as X and Y. The

starting value of hme in(?-2]) is read in as G at M angles PHI {n degrees

fn the plane of the point sources. The magnitude of G(m) is the magnitude

of the specified pattern at the mth angle., The angular portion eij of G(m)
gives the starting value for Bm. The index JK of NO loop 35 denotes the JKth
propagation constant BK(JK). DO loop 36 makes it possible to deal successively
with NG different specified patterns at the same propagation constant BK(JK),
Step 2 of the iteration procedure described in section IV, Report No. 2, is
repeatedly executed until the pattern synthesis error ¢ of (2-19) ceases to

decrease, but not more than a maximum ¢© N9 times.

Minimum allocations are given by
COMPLEX C(N#N)
DIMENSION LR(N)

15



in the subroutine LINEQ and by

COMPLEX C(M), T(N*M), TC(N*M), TT(N*N),
F(N), TF(M)

DTMENSTON BK(MK), X(N), Y(N), PHI(M), TFM(M),
H(M), E(N9+1), Q(N9+1), FF(N9+1),
FM(N), FP(N)

fn the naln program.

Nested DO loops 14 and |5 store the matrix element given by (2-18)
In T((m-1)*N+n) and {ts complex conjuvare fn TC(m-1)*4n). Assumine that
{W) ts 1he identity matrix, nested DO loops 16 and 17 store the matrix
[f*T] ot (2-16) by columns {n TT, The <ubroutine LINEQ inverts the N by N
matrix stored {n TT. DO loop 19 stores [T*T]-IT* of (2-16) by columns in TC,

DO Joop 40 gtores ﬁ of (2-19) in H and accumulates'ql;'I2 in GG. Steps
1, 2, and 3 of the iteration procedure described in section IV, Report No. 2,
are executed for the J9Lh time inside DO loop 41. DO loop 42 stores f of
(2-16) 'n F and accumulates ||f!° in FF(J2)., DO loop 51 stores [T]f of (2-19)
in TF, (T'f! in TFM, [ [T1f]” {n TFS, and the pattern synthesis error e of

(2-19) n S1. N0 loop 51 also changes the phase ot G to thar of [T]?i. Since

iB
Bm appeirs only in e m' the {teration procedure described in section 1V,

Keport tlo. 2,can be carried out without calculating ﬁm explicitly. Just after
DO loup 51, 0 of (2-15) is stored in Q(J2) and the relative pattern synthesis
error ";;— in E(I2).  FExecution remains in DO loop 41 only as long as the

R
relutiv: vrror cuncinues to Jecrease,

CLatement 99 punches F on cards for possible i{nput into the program of
section IX. N toop 55 finds that £(J2) is largest in magnitude.

DO loop 56 normalizes the element of F largest {n maunitude to unity and then
atores ' he magnitudes and phases in degrees of F in FM and FP respectively.

The magnitude of the last element of f is 0.235 in the sample output of
the magnitude pattern synthesls program as opposed to 0,234 in the table of
sectfon TV, Report No. 2. This slight difference ls due to the fact that the
data fo- the table of section 1V, Report No, 2, was computed with FORTG instead
of WATF V., The synthesized patterns were also slightly different. For instance,
the eleventh element of TFMwas 0,0811 with FOR1G as opposed to 0.0816 with WATFIV.

16



LISTING t)F MAGNITUDE PATTERN SYNTHESIS PROGRAM

// ({0034 +FF¢20Ses144) o "MAUT? o JIEY +REGTON=200K
// EXEC WATFIV
//GNFTO2FONL DD SYSDUT=RNCR=(RFCFM=F , BLKSTI7?7F=R0)
/7GNSYSIN DD =
$J0B MAUTZ o TIME=1,PAGES=40
SURRDUTINE LINFO(LLC)
CUMPLEX C(100)+STUR 4STNeSTHS
MIMENSTON LR (50)
DO 20 T=1,LL
LRI )=1
20 CONTINUE
M1=0
no 18 M=1,LL
K=M
N2 =Myl
KizM1+]
K2=M] +K
TF{ARS(RFALIC (K ) ) )+ ARS{AIMAGICIKL)))-ARS(REAL(C(K?2Y))=ARSTAIMAG(C
1IK2)1)) 24246
6 K=1
2 CONTINUE
LS=LR{M)
LR{M)=LRI(K)
LR{K)=LS
K2=M] +K
SMR=1./C(K2)
J1=0
N7 J=laeLL
Kl=J1+K
K2=1+M
STO=C (K1)
CiK1)=C(K2)
C(K2)=STU*STOR
Ji=Jdl+LL
7 CONTINUE
K1=M]+M
CiK1)=STOR
N1l T=1.LL
TF{I=-M) 12411412
12 K1=M1+]
$T=C(K1)
CiK1)=0.
J1=0
PO 10 J=1,.LL
Kl=1+1
K2=J1+M
CIK1)=C(K1)=C(K2)}=ST
Jl=d1+LL
10 CONTINUE
11 CONTINUE
Ml=ML1+L1L
18 CONTINUE
J1=0
PN 9 a=1,LL
IF(J=LR{J)) 14,8416
14 LRJ=LR (M)
JZz(LR=-1)*LL
21 DO 13 I=1,LL

17



K2=42+1
K1=g1¢l

$=C (K?)

CIK2)=CIKY)

CIK1)I=S

CONT ENUF

LR{JI=LRILR )

LRILRJ)=LR

TE(J=LR(J)) 144414

d1=J14LL

CONTINUE

FETURN

END

COMPLEX UyULsCONAGGI3A1,T(360) TC(3A0),TT(100)F(10),TF(3h)
NIMENSTON RK(10) X (1010Y(10)PHI(36) s TFMI36) 4HI3A)4F(A1),0(A1)
DIMENSTION FF(61)FM(10)FP(10)

30
32
33
34
10

13

37

11

15
14

H={0erla)

PE=3,141593

(=P1/1R0.

READ(1+30) NoM¢NKNGIN9
FORMAT(513)

WRITE(34372) NyMNK NGyN9

FORMAT{'O N M NK NG N9t/1x,513)

READ(1,33)(BK{T1)41=1,NK)
FORMAT(5E14,7)
VRITE(3434)(BK{1)4I=14NK)
FFORMAT(YORKY/{1Xs5E14,7))
WEFAD 1410V IX(TYol=1 M)
SRMAT(10FR . 4)
ARTTE(3,133(X(1)1=1.N)
SORMAT(IOXY/(1Xe10FR.4))
READ(1,10) (Y (1) e 1=14N)
VRITE(3,37)(Y(1)el=]1,N)
SNRMAT('OY '/ {1Xs10FR4))
EADIT W10V (PHI (T )ol=Y M)
ARTITE(3L 11 M (PHI(T ) o1=14M)
SORMATIYOPHIY/(1Xs10FR,4))
7M=M

35 JK=1,NK

BB=RK(.K)

J1=0

DO 14 K=1+M

St=PHT(K)%*(

CS=C0s(S1)

SN=SINI(S1)

DO 1% I=1.N

J1=d1+1

S1=RRX(X{T)%RCS+Y (1)*SN)
T{I1)=COSESY)+U%SIN(SY)
TCLINI=COMNIG(T(IY))
CONTINLIE

CONTINUE

J1=0

DO 16 J=]1 4N

NN 17 T=1.N

J2=J

Ji=1

J1=d1+1

TF(a1})=0,

NN 18 K=]1 .M

18



TTCIN =TTAL)+TCLO3NXT(D2)
J3zJ3+N
J2= 12 ¢N
LR CONTINUE
17 CONTINUE
16 CONTINUE
CALL LINEQIN,TT)
J1=0
J3=0
DN 19 U=1.M
PN 39 [=1,N
NEENERS|
FUI)=TC(J3)
39 CNNTINUF
NN 20 1=1.N
J1=J3141
TCLa1)=0,
A2=1
N 3R K=1 4N
TCAI)=TC IV I+TT (2 ) *F {K)
J2 =02 4+N
3R CONTINUE
20 CONTINUE
19 CONTINUE
nn 36 J6=14NG
READ(1210M(G(E) s 1= M)
WRITE(3 4 12M(G(T)el=14M)
12 FORMAT('0G'/L1Xs10FR4))
GG=0.
NN 40 J=1,M
ST=6G(JYRCONJGIGY))
H{J)=SORT(S1)
GG=GG+S1
40 CONTINUE
WRITE(3,47) GG
47 EORMAT('ONORM SOUARFN NF SPECIFIED PATTERN=',£16,7)
FF{1)=0,
r"] Y=1,.
Qt1)=0,
PO 41 J9=1,N9
J2=J94)
FF(J2)=0,
MY 42 J=14N
J1=J
FtJ)=0,
DN 43 [=]1.M
FIN=F(J)+TCLILI=G(T)
J1=J14N
43 CONTINUE
FF{J2)=FFLJ2)14F () *CONJGIF () )
42 CONTINUE
J1=0
TFS=0,
S1=0.
DO 51 J=1.M
TF(JY=0,
N0 4% 1=]14N
J1=J1+1
TRON)I=sTR(3I+TLO1I*FL(])
45 CONTINUE

19



he

51

S2=THLIRCUNJGETELS))
TEM(1)=SORT{S2)
TFCTEMIG) DL 0.) GO TO H2
1HS=TFS+S?
CD)I={H{V/TEMLI)ISRTFR (L)
S2=TEM{J)}=H(I)
$1=51452%52

CONTINUE

QEI2)V=IMAEF g2V /TFS
FiJ2)1=81/6G6
TFLECA2) G ECU9)) GO T 44

41 CONTINDE
a4 WRITHEI3454) FF{T1)s1=1402)
G FORMAT(PONDIM SOUARED OF F'/(1X45F14.7))
WRITHFI3,3461 E(1)01=21442)
4h FORMAT('ORE _ATIVF FRRORY/{1Xe5F14.7))
WRITE(3,53)(0(1Ye1=1402)
53 FORMAT('O0Y /7 {1X4OF16,.T))
WRITE(3,4R)(FIT)s1=1,N)
AR FORMAT(IOFY /7 {1Xs5F14.7))
c 69 WRITH(2433)(F{])el=14N)
52=0.
DO %5 J=1WN
S1=F LVHCONIG IR
IF(S1.L1.,582) GO TO 55
$2=51
J2=y
55 CONTINUF
UY=1./F(02)
NN Bk J=1 N
FCDI=UI=F(])
FM{J)Y=CARSI(F(J))
S1=REAL(F(J))
S2=AITMAG(F{)))
FPIJI=LATAN2(S2,S1))/C
56 CONTINUF
WRITE(3,2S7T)I(FM{J)od=14N)
57 FORMAT{'OFNMY/(1X,10F743))
WRITE(3458)(FP(J)ed=14N)
58 FORMAT('OFEY/(1X410F741))
WRITEL3,4349)(TE(J)ed=1 M)
49 FMRMAT{'DTF*/(1X410FR.6))
WRITE(3,50)(TFMIJ)ed=14M)
50 FORMAT('QTFM'/(1X,10FR,4))
36 CNNTINUE
35 CIHNTINUE
STop
FND
SHATA
10 36} ) 40
0.290RRR2++NO
0.0000

~10.0000 -9,6320 ~R,4T706 =6,2894 =2.5559

25559

H.360R 10,6068 15,5027 19,2648 19.264R8 15,5027 10,6048 5,360R 0,0000

6,7R4  R,4T706 9.6320 10,0000

5.0000 15,0000 25,0000 35,0000 45.0000 55.0000 65.0000 75,0000 R5.0000 95,0000
105,0000115.0000125,0000135.0000145.0000155.0000165.000017%5,0000185,0000195.0000
205.0000215,0000:2%,0000235.0000245.0000255.0000245,.0000275.00002R5,0000295.0000

305.0000315.0000

20

25.000033%,0000345.0000355.0000
5.0191 0,0000 3.8637 0.0000 2.3642 0.0000
1.,2204  0,0000 1.1034 00,0000 1.0353 0.0000
0.0000  0.0N00  0.0000 0.0000 0.0000 0.,0000

1.7434 00,0000 11.4142 0.,0000
1.0038 00,0000 0.,0000 00,0000
0.0000 0,0000 0,0000 0.0000



0.0000 0,0000 00,0000 0,0000 0.0000 0,0000 0,0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0,0000
0.0000 0,0000 0.0000 0,0000 0.0000 0,0000 0,0000 0,0000 0.0000
0,0000 0.0000

$STOP

/%

//

PRINTED DUTPUT
N M NK NG N9

10 36 1 1 40

BK

0.2908RR2E+00

X
0.0000 55,3608 10,6048 15,5027 19.264R 19,2h4R 15,5027 10,6048 5,340R

0.0000
0.,0000
0.,0000
0,0000

0.0000

Y
-10.0000 -9,A320 -8.,4706 -h,2894 -2.5559 27,5559 A,2R94 R,4706 99,4320 10,0000

PHI

5.,0000 15.0000 25,0000 35,0000 45.0000 55,0000 #5,0000 75,0000 RS,0000 95,0000
105.,0000115.0000125.0000135,0000145.0000155.00001465,0000175.00001R5,0000195,0000
205,0000215.0000225.0000235.0000245.0000255.,000026%,0000275.00002R5,0000295,0000
305.0000315.,0000325.0000335,0000345.0000355,0000

G
5.,0191
1.2208
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000

NORM SQUARED OF SPECIFIED

0.0000
0.0000
0.0000
0.0030
0.0000
0.0000
0.0000
0.0000

3.8637
1.1034
0.0000
0.0000
0.0000
0.0000
0.0000

NORM SOUARED OF F

0.0000000E+00
0.2658525E+02
0.2860146E+02
0.2750438FE+02

RELATIVE ERROR
0.1000000E+01
0.223R8368E400
0.1727168E+00
0.1720966E+00

0
0.0000000E+00
042237906E+02
0.2242101E+0?
0.,2152713E+0?

F

=0.613]1346E+00-

0.13366723E+02
0.306R034F+02
0.2795184F+02
0.2751225F+02

0.28481K9E+00
0.2103522F+00
0.1722327F+00
0.1720955F+00

0.1259257¢+02
0.2538416E+02
0.218H480F+02
0.2153319E+072

0.2752376F+00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

PATTERN=

23667
1.0353
0.0000
0.0000
0.0000
0.0000
0.0000

0.55545

0.1819649F+02
0.3176707E+02
0.2765752€E+02
0.2752257F+02

0.25A8424F+00
0.19537R2E+00
0.17212R7E+00
0.172094RF+00

0.1609077F+0?
0e25R2610F+02
0.21A4RAPF+0?
0.2154135F+02

0e1246744F+0)
21

0.0000 1.,7434
0.0000 1.003R
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.,0000 0.0000
09E+0?
0.203A31AF+02
0.3115558F+02
0.27542RAE+02
0.2753?7236E+02
0.,2447110F+00

0.1R1744AE+00
0,1721053E+00
0.1720945F+00

0.,175RTA5E+0?
0,24R5503F+07
0.,2155760F+0?
0.2154RR3F+02

0.,9942800F +00~

0.0000 11,4142
0,0000 0.0000
0.0000 0,0000
0.0000 0,0000
0.,0000 0.,0000
0,0000 0,0000
0.0000 0,0000
0.,72223022E+02
0.7976671E+02
0.,275076RF+02
0.2754047E+02
0.2361352F+00

0.174R158F+00
0,1720990F+00
0.1720946F+00

0.1R9ARS1E+0?
0.,2344670F+02
0.2152974E+02
0.,?15552RF+02

0.1532R91F+01

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000



=01 9RRGTOE+N] 0.,4TBT318E+00 0.2502643F+01 0.2R11250E400-0,1595194E+01
=043373244E+00 0.1369034F+01 0,22363R1F+00-0,14355R2E+01
0.1691413E+401-0.41397H0F+00-0,1279405F+01 0,4R12400E+00 0,354A119E+00

FM™
0.264 0,626

Fp
125.0 "4005

TF

3.0116 =0.,0509
-1.3524 0,9370

00778 0.0247
~0.1164 =0,1273
-0.2082 -0.0)235
-0.0114 =0,25322
=0.050% -0,14%02

l.6R39 (0,03h4

TFM
3.0120 3.5161
0.0816 0,0351
0.2082 0,1325
0.1491 0.2517

1,985

153.2

3,449R8
-0. 3466
0.0547
0.0100
-0.0926
N.1820
~0.2286

2.9197
N.1478
0.1854
0.6197

22

1.000 0.636 0.553
0.0 "59.? ?‘007 =1A0.3
-0.6797 20515? -1.4R27
1.5845 0.5760 1.0169
-0.0063 ~0.1166 -0.090R
-0.2474 0.0312 -0.1986
-0.1687 0.0510 -0.17R2
=N.1469 00,1350 0.0754
0.105¢ -0e57R7 0.??]7
1.7076 1.2420 1.6453
03029 0.2775 0.1725
0.0913 0.1674 0.2525
0.5545 0,208 1.hRK7

0,570 0.664

‘O'3

0.5756
0.6059
=0.?9AR0
-0.0444
0.01R1
-0.0RSQ
~0.5413

1.6220
0.,2476
0.2339

0.,1607297€-01

0.528

172.9

~1.6077
0,1924
-0.0544
-0.0116
-0.0R95
0.0453
0.1203

1.1687
0.2011
0.1547

0.235

"4?.“

°l.]052
0.2263
‘0'2757
=0. 1644
-0.,095R
=0.1245
02762

0.6357
0.0459
0.0071

“0e56h10
~-0,062%
~0.0272C

0,096
-0.137;
=0,1601

0.,0504

0.2364%
N.190¢
0.202¢+



V. EIGENVALUES AND, RIGENVECTORS OF [T*1]
The program of this section punches on cards the eigenvalues Ai and

the elgenvectorsi1 of (2-35) when W and V are identity matrices,
Punched card data is read in according to

READ(1,30) N,M,BK
30  FORMAT(213, E14.7)
READ(1,10) (X(I), I=1, N)
10 FORMAT(10F8.4)
READ(1,10) (Y(I), 1=1,N)
READ(1,10) (PHI(I), I=1, M)

The x and y coordinates of N point sources are read in as X and Y. The M
angles ¢m of (2-18) are read in as PHI. The propagation conatant is BK.

Minimum allocations are given by
COMPLEX A(N*(N+1)/2), R(N*N)
in the subroutine CFIG and by
COMPLEX T(N*M), TC(N*M), A(N*(N+1)/2),
TT(N*N), P(N*N)
DIMENSION X(N), Y(N), PHI(M), AM(N)

in the main program.

Nested DO loops 14 and 15 store the matrix element given by (2-18)
in T((m-1)*N+n) and its complex conjugate in TC((m=1)*N+n). Assuming that
(W] 18 the identity matrix, nested DO loops 16 and 17 store the upper tri-
angular portion of [TAT] of (2-35) in A and the whole matrix [TaT] by

columns in TT.

The subroutine CEIG called by statement 40 puts the eigenvalues of
[?‘T] in decreasing order in the diagonal positions of A and stores the
1th component of the jth eigenvector of [?*T] in P((j=1)*N+1). The eigen-
vectors calculated by CEIG satisfy the orthogonality relationships (2-36)
and (2-37). 1If the fourth argument MV of CEIG is not 1, the eigenvectors

23



are stored in the second argument R. If MV=l, no eigenvectors are stored.
CEIG 18 an extension to Hermitian matrices of the subroutine EIGEN in the
IRM Scientific Subroutine Package, [2), [3]. A detailed description of
CEIG is not included in this report.

DO ..oop 38 stores the eigenvalues in AM. Statements 41 and 42
punch the eigenvalues and eigenvectors on cards. To check the eigenvalues,
AR As
DO loop 2 stores in AM(J) the quadratic form ¢J[T*T]$J which would be the

->

R
Rayleigh ruotient for X, if ¢, °J =1,
According to the discussion in section VII, Report No. 2, the eigen-
vectors in the sample printed output are supposed to be purely real. How-
ever, bec.use of round off error, the computed elements of [?aT] and thus

the eigenectors have small imaginary parts.

[2] 1IRM 3ystem/360 Scientific Subroutine Package (360A-CM-03X) Version III,
Prog-ammer's manual.

[3] C. F:8berg, "Introduction to Numerical Analysis, Addison-Wesley, 1965,
pp. 109-112. :



LISTING OF PROGRAM TO PUNCH FIGENVALUES AND EIGENVECTORS

/7 (00344FF415S01942) 9 'MAUT? yJOE® yREGTON=200K
// EXEC WATFIV
//G0.FTO2F00Y DD SYSOUT=R«NCR= (RECFM=F 4RLKST7E=RQ)
//GD.SYSIN DD *
$J0B MAUT? 4T IME=1,PAGES=40
SURROUTINE CEIG(AWRyNyMV)
COMPLEX A(55)4R(100)
COMPLEX UysU141)24U3,CONJG
Uz(0eele)
MV]=MV=)
TF{MV]1) 10425410
10 1J=0
DN 20 J=1,N
Jl=lJ+d
DO 21 I=1,N
Id=1J+1
R(1J)=0,
21 CONTINUE
R (Jl )=1l.
20 CONTINUE
25 ANORM=0,
1a=1
DO 35 J=24N
J1=J-1
DO 36 1=1,41
1a=]A+]
ANORM=ANORM+A(TAIRCONJG(A(TA))
346 CONTINUE
TA=1A+1
35 CONTINUE
FN=N
IF{ANORM) 165,165,40
40 ANORM=1,414%SORT(ANORM)
ANRMX=ANORM=®] ,E=6/FN
IND=0
THR=AN(RM
45 THR=THR/FN
127 LM=0
51 IMQ=0
DO 55 M=2,N
IMQ=z1MQ+N
JlzM=-1]
LM=LM+]
MQ=LM
MM=MQ+M
LL=0
ILQ==N
NO 50 L=1,J1
ILQ=ILO+N
LM=zLM+1
LO=LL
LL=sLL+L
RA=REAL(A{LM))
AA=AIMAGLA(LM))
AMZ=RAXRA+AARAA
AM=SQRT(AM2)
TF(AM=THR) 50,65,65
65 IND=1

25



ALL=REAL(A(LL))
AMM=REAL(A(MM))
X=o5u(ALL=AMM)
SO=SORTIAM2+X*X)
SINX==SORT(AM? /(2. %SQ0% ( SQ+ARS(X))))
[F(X) 70475,75
70 SINX==SINX
75 SINX2=SINX%SINX
COSX2=1.=-SINX2
COSX=SORT(COSX?)
STINCS=SINX*CUSX
SINT=AA/AM
COST=RA/AM
UL =SINX%(COST+URSINT)
U2=CONJG(U1)
10=0
DO 126 [=1,N
[MM=1-M
IF(I-L) 80,115,H1
B0 IF(IMM) R?,115.83
82 [M=1+M0Q
IL=1+L0
U3=A(TL)*COSX=A( M) %132
ACIMISACTIL)*UL+A(IM}XCOSYX
G0 10 124
A3 IM=M+10Q
IL=1+L0
H3=ALIL )Y *COSX~CONJG(A(IM) )*U2
ACIM)=CONJGIACTL ) Y*U2+A( IM)RCOSX
GO TO 124
Bl TF(IMM) B4,115,.8%
R4 [M=]+M0Q
IL=L+10
U3=A(IL)*COSX~CONJG(A(IM))*UL
A{IM)=CONJGIACIL ) *1+A(IM)*COSX
GO TO 124
85 M=M+10Q
IL=L+1Q
U3=A(IL)®COSX=A(IM)*)]
ACTMI=A{TL)*U2+ALIM)I®COSX
126 A(IL)=U3
115 IF(MV1) 120,125,120
120 ILR=1LO+1
IMR=IMO+1]
U3=R{ILR)*COSX=R{IMR ) *1j2
RIIMR)=R(ILR)I=ULI+R(IMR) *COSX
R{ILR}=U3
125 1Q=10Q+]
126 CONTINUE
X=2 4 AMXSINCS
Y=ALLXCOSX24+ AMMXSINX2=X
X=ALL*STNX2+AMMXCOS X2+ X
A(LM)=A(LMIRCOSX2+U1%( (ALL=AMM)%COSX=CONJG(A(LM)Y I =1I1)
Al(LL)=Y
A(MM)=X
50 CONTINUE
55 CONTINUE
IFCIND-1) 160,155,160
155 IND=0
GO T0 127

26



160
165

170

175

180

1R85
131

30
32
10
13

37

11

15
14

IF(THR=-ANRMX) 165,165,445
1Qu=N

LL=0

DO 185 [=],N

JO=10

1Q0=10+N

MM=L L

LLsLL+!

DO 185 Jy=],N

JO=JO+N

MMeMM+ )

ALL=REAL(A(LL))

AMMSREAL (A(MM))
IF(ALL-AMM) 170,185,185
A(LL )=AMM

A(MM)=ALL

TF(MV]1) 175,185,175

DO 180 K=]1,N

ILR=1Q+K

IMR=J0+K

U3=R{ILR)

R{ILR)=R{IMR)

R{IMR)=U3

CONTINUE

RETURN

END ‘
COMPLEX UyUl+CONJG+T(360)+TC(3A0)9A(55),TT(100),P(100)
DIMENSION X{10)+Y(10)4PHI(36)yAM{10)
Pi=3,141593

C=PI/1R0,

U=(°.01.)

READ(1430) NyM,RK
FORMAT(2134E14.7)
WRITE(3432) NyMyBK
FORMAT('O N MY, 6X,'BK'/1X4213,4F14.7)
READ(1410)(X(E)yI=]l4N)
FORMAT(10FB,4)
WRITE(3,13)(X(1}sI=14N)
FORMAT('0X'/(1Xy10FB,.4))
READ(1,10)(Y(I)ys12]1,N)
WRITE(3437)(Y(1)sl=1,N)
FORMAT('0Y!'/(1Xy10FB,.4))
READ(1+10)(PHI(T ) Ix14M)
WRITE(3411)(PHI(])yI=1yM)
FORMAT(*OPHI '/ (1X,10F8,4))
J1=0

NN 14 K=1,M

S1sPHI(K)=*C

CSaC0S(S1)

SN=SIN(S1)

DO 15 I=14N

Jl=Jl+]
SI=zRK*(X{])*CS+Y(])*SN)
T{J1)=COS{SII+U*SINI(S])
TC(JY1)=CONIG(TI(J)))
CONTINUE

CONTINUE

J1=0

J5=0

DN 16 J=14N

27



18

17

16
40

3R

34

36

35
42

26

33

29
28

39

$SDATA

Jo=y

DO 17 I=1,.

J2=)

Ji=|

J1=J1+1

Al{Jd1)=0.

DO 18 K=z] .M
ACJL)=AL)L)+TC (U3 %xT(J2)
J3zJ3+N

J2=02+N

CONTINVE

J6=J5+1]

TT{y6)=4a(41)
TT{Je)=CONIGIA(JL1))
Jéz=J4+N

CONTINUE

J5=05+N

CONTINUE

CALL CEI3(A4P4N,O)

J1=0

DD 38 J=1,N

J1=J1+4

AMEgY=A(JY)

CONTINUE
WRITE(3434)(AM()sJ=14N)
FORMAT(*OEIGENVALUES!/(1X+5E14.7))
WRITE(2+36)(AMLJ)sd=14N)
FORMAT(5E14.7)

NN=N %N
WRITE(3435)(P(I)sI=14NN)
FORMAT(*OEIGENVECTURS' /{1X45E1447))
WRITE(2+36)(P(1)yI=1,NN)
N1=N*{N+1)/2
WRITE(3,26)(A(J)yJ=14N1)
FORMAT('ODIAGUNAL MATRIX'Y/{1Xs7E1]1.4))
J1=0

DO 28 J=1.4.N

AM{J)Y=0,

DM 29 1=1,N

U1=0.

J2=1

DN 33 K=1.N

d3=g1+¢
M=Ul+TT{(J2)1%P(I3)
J2=J2+N

CONTINUE

Je=g)+1
S1=UL*CUNIGIP(J6))
AM(J)=AM(J)+S]

CONTINUE

J1=J1+N

CONTINUE
WRITE(3,39)(AM(J)yd=1,M)}
FIRMAT( YORAYLEIGH QUNTIENTSY'/(1X45F14.7))
STHP

END

10 36 0.,2908FRB2E+00
0.,0000 5.3¢08 10,6048 15,5027 19.,2h4R 19,.264R 15,5027 10,604R
~10.,0000 =9,6220 -RB,4706 -6,2894 -2,5559 22,5559 6,2R94 R,4704
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5.360R 0,0000
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5.0000 15,0000 25.0000 35,0000 45,0000 55.0000 £5,0000 75,0000 R5,0000 95.0000
105,0000115.0000125.,0000135,0000145.0000155,0000145,0000175,0000185,0000195,0000
205,0000215.0000225,.0000235.0000245.0000255.0000265,0000275.00002R5,0000295.0000
305.0000315,0000325,0000335,0000345.0000355,0000
$STOP
/%

1/

PRINTED OQUTPUT

N M RK
10 36 0.,290ARAR2E+00

00,0000 5.,3608 10,6048 15,5027 19.2A4R 19,264R 15,5027 10,604R 5,360 0,0000

Y
=10.0000 =49.6320 -R.4706 -6.,2894 -2,5559 2.5%559 £,2894 R, 4706 9,6320 10,0000

PHI

5,0000 15,0000 25.00C0 35,0000 45.000N 55,0000 65,0000 75,0000 A5,0000 95,0000
105.0000115.0000125.0000135,0000145.,0000155.0000165,0000175,00001R5,0000195,.0000
205,0000215.0000225.0000235.0000245.0000255.0000265,.0000275,00002R%.0000295,0000
305,0000315.0000325,0000335.0000345.0000355.0000

EIGENVALUES
0.9467145F+02 0.B078329F+02 0.6195313F+02 0,54hR4ATF+02 0,2R75992F+02
0,2551213E+02 0.9639283F+01 0.3275412F+01 0.5507557+---00 0.1A2R423E+00

FIGENVEC TORS
0,2903522E 00 0.2304621E~0h 0.6B44RAKE-DY 0,4241972F-08-0,3647421E 00
~0,9729786F-07-0,4H#85511F 00-0.2973702E-07-0,19R?20A3F 00 0,43775K6F~06
0.,1982076E 00 0.2547125F=-06 0.4885510f 00-0,30913R7F-0A 0,3647433E 00
-0.1850908E-06-0.6R44RAGF =01 0,2713567F~0h=0,2903540F 00 0,5429575E=06
=0.R914965E-01 0.2161319F=06 0.2720940F 0ON-0,1533020F-06 0.,330R7R7E 00
=0,9951651F-07-0.1172659E 00 0.3R58718E~0h-N,54293A2F 00 0.,?29475ARE-0A
-0.,5429378F 00-0.536A720E-07-0,1172673F 00-0,%244318E-06 0,330R7ROE 00
0.30R7TRS53F=-06 0.2720941F 00 0,7309694E-0A-0,.R914953F-01 0.,2100297E=06
0.,5298515E 00 0.427024BE-06 0.43080RRE 00 0.1473907F-2% 0,2920523F-01
0.,9519529E-06=-0.7784194E-01-0.552461RF-06 0,1635162F 00-0.RR4563AE-0h
0.1635150E 00 0.1771575E=06-0.77R420AF-01 0.4654154t-0A 0,27921355E-01
~0.6h27TR55E~06 0.430R203F 00~0.142944RE-05 0.529R54AF 00-0,7521597€-06A
-0.,1047320E 00-0.,1435871F-05-0,545703AE 00-0,11593R9E-05-0,394RAHKRE 00
0.1412610E~06 0,BR93INGGFE-01 0,4475079F-N% 0,1655A35FE 00-0,7249]16RE-06
~0.,16556R5E N0=-0.,8152254F-0A-0.889291RF-01 0.5292RA4t-NH 0,394R6HK0F 00
0.6803169E-06 0,5456957F 00-0.5R20197F~0h 0,1047221F 00-0.,1504132E~05
=0,3773477E~01-0.2794079F-05 0, 1H7550AF-01=-0.4097609F- 0A-0,41ATHRLE 00
0.3h26927E=05-0.5573131F 00 0.2356654E~05-0,11R0260t 00-0,1477333E-05
~0.,1180170E 00 0,3259473F-05-0.55730ARF 00 0.5574124F -N5-0,4167722E 00
0,22424R3E=-05 0.,1R75R9RFE~01 (.2413907F-06-0.377232RF-01 0,32AR949E-05
-0,5359712E 00-0.364RR56FE-05-0.1195107F 00-0.8504R47t -06 0.10A0919E 00
~0.1918221E-05-0.2R810081F 00-0.5109343F-05-0,32R973RF 00-0.?2711R9GE~05
0,32R9769F 00 0.1486194F=05 0.2810201F 00-0.13A713A:--05-0,1060811F 00
-0.32R7122E=05 0.1195102F 00 0.4517278F-0A 0,5359A92F 00 0,319RR25F~05
-0.,4139768E 00-0.47251949F-06 0.412109AF 00 0,35A3544F-06 0,2024003E 00
0.1425678E=06-0.1954105F 00-0.4762701F-0A 0,3R9947°F 00 0.49R7133F-06
0.3R99342EF 00-0.34036492F-0A=-0,'Y54079F 00 0.,529644 E-07 0.,2024022E 00
0.2056303E-06 0.3121062F 00 0.14039ARF-06-0,4139754F 00-0,26RA32RE=06
0.3210983E 00 0,4192697F-0A=-0,344A192F 00-0,45A1953F-0h 0.2366264E 00
De22%779TF~0h 0.1475003F 00=0.4969951F~06-0,447A343F 00-0,414R04AF=-07
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04476404 00-0,4944204E-06-0,1475034F 00-0.328BA54F-0K-0,2366209€ 00
0.,2RTHHOSE-06 0.3446209F 00-0.5696532F-06-0,3211029F N0 0,5917625F-06
0.1962254F 00 0.1733023F-05-0.3776212F 00-0,3023024F-05 0,41R3334F 00
0.3710524E-05-0.3625054F 00-0.3121309F-05 0.1117757F 00 0,1425577F=05
0.1117630E 00-0.4273:16F-0A=0,3A24925F 00~0,R27TKRAGF=DT 0,41R3226F 0O
0.133R8565t~-06-0,3/76149F 00-0,35R453KF-06 0,1962231F 00 0,1241534F=07
~0.1198015F 00-0.1655H849F=06 0.2539174F 00 0,41114R7F=06-0,3791949E (0
-0.3516973F-06 0,3907360F 00-0.,3590495E~06=-0,3531159F 00 0.R053731F-0¢
0.35312108 00-0.23B4469F~05-0,39074RAF 00 0.2901422F-05 0,37920RKE 00
~043526511E=-05-0,2539279E 00 0,2444993F=05 0,119K0KRF 00-0,114A047F-05

DTAGONAL MZTRIX .
0.9467E+0, 0.0000E+00 0.8542F-08 0.32R3E-10 0,R07RE+02 (0,0000E+00~0.,57R81€~07
~0,2912F-1" 0,218BE-05 0.3970E-10 0.6195F+02 0.0000F+00 0.5032€~05 0.10RAF-0R
~0.2737€-00 0.5581E-11-0.2503E~06 0.1073F-10 0.54K8F+02 0,0000F+00-0.173RE~07
0.1617F-17 0437234E-06-0.4128E~10~0,R242E~-05 0,5097F~09-0,R921E~0h 0,4R9GF-09
0,2876E+0, 0.0000E+00=0,8160E=05=0.5499F~0R~0,1506F~05 0,1549E-09 0.,2073FE-06
=0.2199F-1"-0.3532E=07 0.6796E~11-0.1455F=10 0.N000E+00 N,25%1E+0? 0,0000k+00
0,1455€E-10-0,2487E-13 0.3169E-07-0.3171E-11 0,1544E-09 0,1287E-13 0.A015F-0C
0.,1204E-1" 0.5394E-05-0,4545E-09-0.7547E-09~0,6301E-14 0,9439F+0]1 0,0000F+0C
-0,2062E-09-0.4100E-12-0.2913F~-10 0.2229F-15-0,3578E-07-0,1377E-11-0.13A0F~1¢
~0,5493€-11 0.2890E-05-0,88468E~10 0.2569F-05-0,1450E-09 0,0000F+00-0,1110F-14
0.3275E+0. 0.0000E+00 0.3713F~05 0.2476F-09-0,250AE~05-0,RR7HE~-10-0,71R4F-07
=0.,14776-10-0,2371E-09-0,1701E-12 0.3420F~-09 0,A0R0E-13-0,h4165-0A 0,3344F-0°
0.5390E-08-0.6532E-12-0,2782F-07 0+6371E~10 0.550RE+00 0,0000:+00-0,2RRLF~-07
0.62350F=1" =0.1119F-07 0,1213F-11-041347F=10 0.33R3E~-14=0,4577E=-05 0,2410F=-0¢
-0.2328E-0" 0,1554E-14 0.7932E-09 0.5311F-14-0,4533FE-05 0,7766E=-09-0,1236E-0¢
=0.3453E-1:'-0.14556=-10-0.6661E-15 0.162RF+00 0,0000F+00

RAYLELGH QUOTIENTS
0.9467105:402 0B078307H+02 0.6195314E+02 0,54AR494E+02 0.2R76013E+02

0.25%12441:402 0.9639304E+01 0.3275400F+01 0.,5507494F+00 0.162R391£+00
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V. _PATTERN SYNTHESIS WITH CONSTRAINED SOURCF NORM

The program of this section implements the theory of section V of Re-

port No. 2. Punched card input data is read Iinto the program according to

READ(1,30) N,M, NG, BK, EPS
30 FORMAT (313, 2E14.7)

READ(1,10) (X(I), 11, N)
10 FORMAT (10F8.4)

READ(1,10) (Y (1), I=1, N)

READ(1,10) (PHI(1), l=1, M)

READ(1,23) (AM(J), J=1, N)
23 FORMAT (5E14.,7)

NN = N*N

READ(1,23) (P(J), J=1, NN)

DO 22 JG=1, NG

READ(1,23) CN

READ(1,10) (G(1), I=1, M)
23 CONTINUE

The x and y coordinates of N point sources are read in as X and Y, The
specified pattern éo of (2-16) is read in as G atNM angles PHI. The
eigenvalues AM and eigenvectors P of the matrix [T*T] of (2-35) have been
punched out by the program of section IV of this report. The constraint C
of (2-24) is read in as CN. The 1terative process for finding the root of
(2-45) is terminated as soon as F(a) 2 EPS*CN, DO loop 22 makes it possible
to deal successively with NG different specified patterns at the same propa~

gation constant BK.
Minimum allocations are given by

COMPLEX P(N*N), T(N*M), G(M), TG(N), C(N),
ALP(N), F(N), TF(M)

DIMENSION X(N), Y(N), PHI(M), AM(N), AM2(N),
CC(N), TFM(M), FP(N), FM(N)

N



Nested DO loops 14 and 15 store the matrix element given by (2-18)
in T((m=1)*N+n). DO loop 25 szores||é°”? in GG and replaces G by its
complex conjugate. DO loop 20 stores the complex conjugate of [¥*]éo of
(2-4)) in TG. Nested DO loops 26 and 27 store C, of (2-42) in C(J) and
'ch’ in cc(J).

DO loop 31 stores F(O) of (2-45) in S6, If S6 < 0, DO loop 68 carries
out Hewton's method starting with a equal to the center eigenvalue. Refer-
ring to expression (2-45), a is stored in both AL and AS while F(a) is

stor:d in FS, Statement 60 calculates

k‘(u]) F(a.)
Q s 3 - 7 =Qq, = 7 (1)
LT TFG) Y rf c, "
2 ] iy
=1 (X1+aj)

If LIe) < 0 then 2 is set equal to zero. The subscripted a's appearing

j+l
in (.) are not to be confused with those of (2-40). DO loop 91 puts ai of

(2-49) in ALP(1).

DO loop 33 stores f of (2-41) in F and accumulates Hf”z in FF. Upon
exit from DO loop 33, F(J2) will be the element of f largest in magnitude.
DO lyop 92 stores the synthesized pattern T¢ of (2-23) in TF and the magni-
tudes of the elements [T]f in TFM. |/f|° is accumulated in TFS and ¢ of
(2-23) in E. Just after DO loop 92, Q defined by (2-15) is stored in Q and
E is normalized by dividing by GG. Statement 59 punches f on cards for pos-—
sible input into the program of section 1X of this report. DO loop 41
normilizes the element of f largest in magnitude to unity and then stores

the nagnitudes and phases in degrees of f in FM and FP respectively.

According to the printed outputs of the pattern synthesis with con-
stra.ned source norm program of this section and the pattern synthesis
prog:am of section [l of this report, it has been possible to reduce the
sour:e norm squared from 13.366 to 4.0 with only a very slight increase

in the pattern synthesis error.
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LISTING OF PATTERN SYNTHESTS WITH CONSTRAINED SOURCE NORM PROGRAM

//

(D034 4FE+15S¢104) ¢ 'MAUT7 4 JOE* yREGTON=200K

// EXEC WATFIV
//60.FTO2F0O01 DI SYSOUT=RyNCH=(RECFM=F yRLKSIZ2F=R0O)
//G0SYSIN DD *

$JOB

30
32
10

13

37

11
23

24

21

29

15
14

28

12

MAUT? « TIME=1,PAGES=40
COMPLEX UsUL4CUNJIGP{100)4T(360)46(36)TGE10),C(10),ALP(10)
COMPLEX L2 FL10).TF(3A)
DIMENSION X{10),Y(10),PHI(3A)4AM(10)4AM2(10),CC(10),AS(31])
DIMENSION FS(30)TFM(3A)FP(10),FM(10)
PI=3,141593
cCp=P1/180.,
Uz(0as0ls)
READ(1+30) NeyM NGJBK+FPS
FORMAT(313,2814,7)
WRITE(3932) NeM(NG,RKFPS
FIIRMAT(Y0 N M NGY 6Xy'BKY 411X "EPS?/1Xe313,2F14,.7)
READ(1,10)0(X(1)s1=1,N)
FORMAT(10FR,4)
WRITE(3,13)(X(1)41=14N)
FORMAT('OX'/(1X,10FR.4))
READ(1,10MU(Y (1) sl=14N)
WRITE(3,37)(Y(1)el=14N)
FORMAT('OY'/ (1X,10FB,.4))
READ(1+10)(PHI(1)y1=1,M)
WRITE(3,11)(PHI{1),I=14M)
FORMAT('OPHI'/(1Xs10DFR.4))
READ(1423)(AM( )4 0=1 4N}
FNRMAT(5F14,7)
WRITE(3,24)(AM(U) 4 J=1,N)
FORMAT({'0AMY/{1X,5F14,7))
NN=N=*N
IM=M
READ{1+423)(P () eJd=14NN)
WRITHE(3,21)(P(J)sd=14NN)
FORMAT('0P*/(1X45F14,T7))
DO 29 J=1,N
AM2 (J)=AM( ) =AM )
CONTINUE
J1=0
DO 14 K=1.M
S1=PHI(K)*CP
CS=C0S(S1)
SN=SIN(ST)
DO 15 1=1,N
J1=J1+1
S1=RKE(X(T)*CS+Y(])%SN})
T{J1)=COS(S1r+U=SINIST)
CONTINUE
CONTINUE
DO 22 =1 4NG
RFAD(1+23) CN
WRITF(3,2R) CN
FORMAT('OCN=t,F14,7)
READ(1+10M(GLT)oI=1,M)
WRITE(3,12)(G(T1)s1=14M)
FORMAT('0G'/(1Xs10FR.4))
GG=0,
DO 25 4=1.M
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M =CONSIGIGLD))
GG=G6+G(J) =N
GlJy)=Ul

25 CONTINUE
DO 19 J=1,4N
J2=J
TG(JY=0,.

N0 20 K=1.M
TGLN=TE(I+T(I2)%G(K)
J2=J24N

20 CONTINUE

19 CONTINUE
J1=0
DO 26 =14N
Ui=0,

D 27 1=1,N
Ji=J1+1
M =U1+P(JL)*TG(T)

27 CONTINUE
ClJ)=CONJGIUL)
CCtyy=u1*C()

26 CONTINUE
WRITE(3,200) (CC L) 4d=14N)

200 FORMAT('OCC*/(1X4s5F164,7))
JAM= (N+1)/2
FP=EPS*CN

201 Sé6=CN
DN 31 K=1,N
S6=Sh=-CCIK)/AM2{K)

31 CONTINUE
Jo=1
IF{ShA) 66,65,65

65 AL=0.
AS (J9)=AL
FS{J9)=S6
Gl T(} K7

At AL=AM(JAM)
AS (J9)=AL
nNO 6R U=1+30
$2=CN
S5=0.
DO 67 K=1,N
S3=AM(K)+AL
$4=53%S3
$2=52-CC(K)/S4
$5=85+CC(K)/(Sa*53)

67 CONTINUF
FSt.191=52
IF(ARSIFS{J9)).LFE.FP) GN TOD 87

A AL=AS{J9)=.5%FS(J9) /55
[F{AL.LELO.) AL=0,
J9=J9+1
AS(J9)=AL

At CONTINUE
WRITE(3.219)

21¢ FORMAT('ONEWTONS METHOD DID NOT CONVERGF')

R DN 91 K=1,N
ALP(K)=C(K)/(AM(K)+AL)

9: CHONTINUE
WRITE(390) (AS(K)K=1,09)
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90 FNRMAT(* CUONVERGENCE NF LAGRANGE MULTIPLIER'/{(1X,7E11.4))
WRITE(3,100)(FS(K)sK=1,4J9)
100 FORMAT(® FUNCTION'/(1X,7EL11.4))
FF=0,.
$2=0,
DN 33 I=1,N
Fil)=0,
Ja=1
DO 44 K=1,N
FUIY=F{I)+ALP(K)*P(J4)
JazJ4+N
446 CONTINUE
S1=F (1 )%CONJG(F (1))
FE=FF+§]
IF(S1.LT.S2) GN TO 33
$2=51
J2=1
33 CONTINUE
E=0.
TFS=0,
J1=0
DO 92 KK=1.M
11=0.
DN 93 K=1,4N
J1=J1+1
Ul=U1+T(J1)*F (K)
93 CONTINUE
TF(KK)=U1
U2=CONJG (U1 )
S1=u1%U?
TFS=TFS+S1
TEM{KK)=SQRT(S1)
U1=U2-G(KK)
S1=U1*%*CONJG(U1)
E=E+S1
92 CONTINUE
0=ZM*FF/TFS
E=E/GG
WRITE(3,48) GG4FF£,Q
48 FORMAT(10GG="yFl4.74" FFatyFl4e7s' Ex'4E14,Ty* 0=',E14,7)
WRITE(3,45)(F(1)s1=1,4N)
45 FORMAT('OF'/(1X,5F14.7))
59 WRITE(2423)(F(1)s1=1,N)
DN=1./F(42)
NN 41 J=1,N
FLJ)=UL%F ()
FM{J)=CARS(F (1))
S1=REAL(F(J))
S2=AIMAG(F(J))
FP{J)=(ATAN2(S2,S1))/CP
4] CONTINUE
WRITE(3,42)(FMIJ)sJ=1,N)
42 FORMAT('OFMY /(1X410F7.3))
WRITF(3,43)(FP(J)sJ=1,N)
43 FORMAT('OFP'/7{1X410F7.1))
WRITE(3449){TF(K)yK=]14M)
49 FORMAT('OTF'/(1X410FR.4))
WRITE(3456) (TFMIK)K=14M)
56 FORMAT('OTFM'/(1X,10FB.4))
22 CONTINUE
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STop

FND
$£DATA
1O 3 1 0,290
0.,0000 360
“10,0000 =9,64p
5.0000

GRR2E+00 0, 1000000F =07
R 10,6 04H 15,5027 19.266R 10,248 15,5027 10,A048K
0 =H, 6706 <A, 2H94 =2,655Q 2,555Q A,2HQ4 R, 4704

5.360R
9,6320 10,0000

190000 25,0000 35,0000 45,0000 25.0000 65,0000 75,0000 R5,0000 95,0000

0,0000

105.0000115.,0000125.,0000135.0000145.0000155,000014A5,0000175,0000185,000019%,0000
205.,0000215,0000225.000023%.0000245.0000255.,0000265,0000275,0000285,0000295,0000

305,000N0315,000
D,HLAT V65 02
0.2551213F 0?2
0,29035722F 00
~0,972978KF-01-
0,1942076F 00
~0.1850908F-06h-
-0 RYLGYERE =]
0,995 1 Ab ] E-0/-
~) D293 18F 00
0430RTRH53E-0A
0.5298515+ 00
0,4519529F~0h--
0.1635150F 00
~0hb2T7RS5F-0h
~0.,1047320F 00
0.,1612510t-06
-0,1A55 454 00
0.,6RD3] 6906
=0,37T73477+-01
Ve362 092 1e=0b--
~0.1180170F 00
(V,2242 48 31-05
-0.5359712t 00
~0.1918221t-05-
0.32897A9+ 00
~0,42R7122F~0Y
=~ .41 397KKF NO--
0V elb2 54 1RF=06-
0,3RQ9392¢F 0O
0.205%A303F-06
0.,321049RK3F N0
(1,2257747E=-00
0.,64766L04F 00--
g/ HTRENEE-06
V. 1962254 00
0.3710524+-05-
01117630 00-
0.1 33R5651 -0k
=0.,1198015 00
=0.381 A% T3F=NA
0.35312101 €O
~0.3526511E=-05-
N.aD00000F+0)

H,0191 0,000
1.2208 0,000
0.,0000 0,000
0. 0000 0,000
0.00n0 0,000
0.0000 0,000
0.000¢ YN0

A Y T A LY

042154 16F=0A=0e3APL920HF

N 165HHLUF =0A 0.253%9) T4k

0325.00003473%,0000365,0000354,0000

NBOTHRIPAE 02 0.6190314F 07 0,546R64QTF 02 0,2R75992F n?
0.96349283 0] 0.,3275%412F 01 D,45507557F 00 0, 1A2R6423F 00
N.2306621H=-0hr D.HRLLAAAE-01 0,4241972F~0R=0,3A4T421F 0D
D4BRHSTTFE 00-0.2973702F-07=0,19R2093F 00 0.,4637756F=0A
0,25%07 1 25F=06 (6B RH510F 00-0,30913R /-0 0,3647433F 0N
0. 6RGLHARGE-01 0,27 1386 7F-06-0,2904%40F N0 0.5429575F-06
0.7161319F=0h 0.2720860F 0N=0,15330720F=0A 0,330R787F 00
Nel172659F 00 0e3REHTISE=0A=0,54293A2F 00 0,294 75ARE=06h
0.5360R770F=07=0,11726713F 00-0,524431KE-06 0,330RTROE 00
0.2/209461F 00 0.7309694F-06=0,R91495%F-01 N,2100297F~0A
(Ved?2T0248F=0A 063ANKORRE 0O 0,14736076-05 0.2920523F-01
DT 194196F=01-045924K185-0A N,1535167F 00-0,RA45AIAF=0A
DTSN =0A=0 4 7TTRLPOAR=01 0.4654]154F=06 0,2921355F=-0]
Dt " DRIOAF D=, 14 29K4RF=05 N ,520R8GAE NO=-0,752]16537F =04

N 143A5H TV E-05=0,.5464570%4F 00-0,11593R9F~-05~0,49486ARF 00

0.8RY3NGUF =01 0.4475079F=0A 0, 1655630F 00-0,724916RF-0h

0 BYE2P5GE=0A=0 ,RBIDPGIE=(0] 0.5292864F=-06 0,394RAMDE 00

00=-1e5R20197F-0A 0,1067221F 00-0,1504132F-05
DalBT75C0AF=D1-0.6097A09F =060 .41 TARGE 00
N0 De285h654F=05-0,11R80260F 00-0,1477333F-05
00 0.55974124F=-05-0,4167722E 00
Ne 326R949F-05

0.545K£95

NuH5T13141
03259672 =05=0.55730AR
O, IH75BY99F =01 0, 2413907F-06=0,2377232RF=0])

Ne36HHBS6F-00-0,119%107F 00-0,R504R4TF~06 0,1060919F 0O

N.2810081F Q0~Ne5109343F-05-0.3289738F 00-0.2711R99F=-05
0.,1486194F-0% H,2810201F 00-0,1367136+-05-0,10A0811F 00
Ne1195102F 00 0. AL LI?TRE=NA 0,5359649721 0N 04319RR25F=-05
0475196410/ 0.3121096F 00 0.35A354AH-06 0,.2024003F 00

N1IH4T105F 00=0.4762T701F-06 0,389947T7FE 00 0, AGR7]133+~0NA

03403692+ -06-0.1954079F 00 0,5294641F-07 0,2024022F DO
0.3121062F 00 0.14039AF-NA-0,4139754F 00=0,2ARA3IZAE=0A
0.,6192697F=DA=0.44A192F ON=-0.45A1953F=0h 0,23AA264F 00
N 1675007 0O0=N, 466985 1F=0h=0,447h340F 00-0,4168046F-07
0.44946204F-0A-0, 14 T5034F D0-0,3288A54F-06-0,2366209E 00
043446709 00~0.2A96532F-06=-0.3211029F 00 0,5917425(--0A
01733023F=-06-N,37/A212F 00-0.3023024F-05 0.41+3334F 00
0.3625054F 00-0.3121309F=-05 041117757F N0 0,1425577F=05
ON=0,827A8AKQF =07 0.,41R322AF 00
D.3716149F 00=-0.35R8453KE-06 0,1962231F 00 0,1241534F--07
00 0,4111487F=-06-0,3791949F 00
0,39N73A0F 00=0+3590495F~00A=0.3531159F D0 0,8053731F=-0n
0423RL6H9F=05-0.3907480F 0D Q296R422E-05 0,379208AF 00
0.2539279F 00 0.72644993F-05 0. 119R0ARF (0-0s 114604 7+-05

0 3,8K37 00,0000 2,347 00,0000 11,7434 00,0000 1.4142
0 1.10%  0,0600 1.0353  D.,0000 11,0032 0,0000 0.0000
0 0.N000  0.0000 00000 00,0000 0,0000 00,0000 0,0000
00,0000 0.0000  0.0000 0.0000 0,0000 60,0000 0,0000
0 00006 0.0000 06,0000 00,0000 00,0000 00,0000 0,0000
00,0000 0O,0000 0,970 00,0000 00,0000 0,0000 00,0000
0 0.0000 09000 N0L.00C0 0.0000 00,0000 0,0000 60,0000
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. 0000



0.0000
$STHP
/%
/7

0.0000

PRINTED OUTPUT

N M NG

X

0.0000

Y
~-10.,0000

PHI

RK
10 36 1 0,?2908RA2F+00 0,1000000F-02

FPS

543608 10,6068 15,5027 19.2h4R 19,264R 15,5027 10,404R

=Q,6320 =R,470hA -h,2894 =2,5559

2.5559

he72RQ4

Re&T0h

5.360R

0.0000

9.6370 10,0000

5.0000 15.0000 25,0000 35.0000 45.0000 65,0000 45,0000 75,0000 R5.0000 95,0000
105.0000115.0000125.0000135,0000145.0000155.,0000165,0000175,00001R5,0000195,0000
205,0000215.0000225.0000235,0000245,0000255.00002465,0000275,00002R5,0000295,0000
305.0000315.0000325,0000335,0000345,0000355,0000

AM

0.9467145F 07 0H0TR3IPIFE 0?2 0.A195313F 02 0,546R497F 02 0,?2R75992F 07
0.2551213F 02 0.4906349283F 01 0.37275412F 01 0,5507557F 00 0.162R423E 00

p

0.2903522E+00 0,2304h621F=0NA 0.ABLLRAAF=01 0,42419T72E-0R-0,3A4T7421E+0N
PLUS 39 MUORF LINES OF PRINTED OUTPUT

CN= 0.4000000F+01

G
5.0191
1.2208
0.,0000
0.,0000
0.0000
0.0000
0.0000
0.0000

cc

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3.,H637
1.1034
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
N.0000
0.0000
0.0000
0.0000
0.0000

7203662
1.0353
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.7434
1.003A
0.0000
0.0000
0.0000
0.,0000
0.0000

0,0000
0,0000
0.0000
0,0000
0.0000
0.0000
0,0000

1.64142
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.2552661E+03 0.4203154F+03 0.2834041F+02 0,270612RE+03 0,3613115E+03
0.1311916E+403 0.,1149906F+02 0.1260125F+02 0,2570739F+00 0.2755140F+00

CONVERGENCE 0OF LAGRANGE MIILTPLIER

0,0000
0.0000
0.0000
0,0000
0.0000
0.0000
0,0000

0.2876F+02 0.0000F+00 0.7123F-01 0.1534E+00 0.,2190E400 0,2440FE+00 0,2464E+00

FUNCTION

0.3731E+01=0.9365E401-0,37AAE+01=0.12R7TF+01-0,?915F+00=-0,2370F=-01-0,1R41F=-03

GG= 0.5554500E+407 FF= 0,4000140F+01 F= 0,3243423E+00 0= 0,40495RAF+0)

F

=0.3427129E 00 0,239K499F 00 0.7955R79F 00 0,1RRA4L1AF 00-0,9377459E 00
=0.3302187t 00 0.1621369F 00 0.7R94699F 00-0,409AA27F=-03-0,212A1RRFE 00
~0.3036758F 00 0.4692439F 00=0.166A9025F-01-0,1R21197¢ 00-0,19A313AE 00
0.6173351F 00-0.55516724F 00-0.4323723F 00 0.42R1348F 00-0,1717A09F 00

FM
0,421

0.R??

1.000 (.R11

0.216
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0.567

0.1R4

0.652

0,708

0.464



Fp
"5‘0."

TF
2.4116
044927
04,2961

‘0.2599
-001“96
0.2513
-0 055“0
1.3812

TEM
2.4135
0.,4601
0.4329
0.5567

173.9

0.0952
0.3638
~043%22
‘0.3“59
~0.4067
=0.2044
0.0%55
0.0:43

2.9081
0.498R
0-5497
047762

0.0 «121.0 T70.5 =76,
29077 =0.,0472 2.6434
0.5556 0.5280 0.6R76
0.2310 =-0.442)Y 0,08h5
=0.,1844 =0,3355 «0,0742
=0:2566 =0,48BA2 <0.2469
0.2162 00,0656 0.0097
-0.7741 0.,0575 =0.,R721
2:6616 11,8379 0.9160
0.5329 0.5225 0.4845
0.6217 0.585T7 0.4645
D.R723 0.5780 0.2727

38

5 AS,4

~0.3090

0.2764
-0,5259
-0,3590
-0.5705

0.,2043
=0.0190

0.6125
0.4326
0.3240
1.3R14

-QIOR

1.,7975

0.59R5
'001097
=-0.0032
-0,1000
-0.2235%
=0,5h5A

0.7665
0.3R2R
0.2259

1R.5

-0,3829
-O. 0R96
~0.5108
-0.3730
=0.,5771

0.1624
-0.1191

00,7411
00,3666
0,2046

13R,.7

0.9121
0.4039
-0.,2429
-0,0323
0.10R3
-0.3873
0.2513

0.6052
0,3731
0.,2763

'0.0“46
~0.2R34
-0.,4192
-0.3757
00,4517

0.,0718
'001057

0.4934
0.3771
0,3936



VI. MAGNITUDE PATTERN SYNTHESIS WITH CONSTRAINED NORM

The program of this section implements the theory of sections IV and
V, Report No, 2.

Punched card data is read in according to

READ(1,30) N,M,NG,N9,BK,EPS
30  PORMAT(4I3, 2E14.7)

READ(1,10) (X(1), I=1, N)
10 PORMAT (10F8.4)

READ(1,10)(Y(1), I=1, N)

READ(1,10) (PHI(I), I-', M)

READ(1,23) (AM(J), J=1, N)
23 PORMAT(5E14.7)

NN = N*N

READ(1,23) (P(J), J=1, NN)

DO 22 JG=1, NG

READ(1,23) CN

READ(1,10) (G(I), I=1, M)
22 CONTINUE

The x and y coordinates of N point sources are read in as X and Y. The
eigenvalues AM and eigenvectors P of the matrix [T*T) of (2-35) have been
punched out by the program of section IV of this report. The starting

i8
value of hme ™ in (2-21) 18 read in as G at M angles PHI in degrees in
the plane of the point sources. The magnitude of G(m) is the magnitude of

the specified pattern at the mth angle. The phase portion cj Bm of G(m)
implicitly gives the starting value for Bm. DO loop 22 makes it possible
to deal successively with NG different specified patterns at the same propa-
gation constant BK. The constraint C of (2-24) is read in as CN. The
iterative process for finding the root of (2-45) is terminated as soon as
F(a) < EPS*CN. Step 2 of the iteration procedure described in section IV,
Report No. 2, is repeatedly executed until the pattern synthesis error ¢ of
(2-19) ceases to decrease, but not more than a maximum of N9 times.
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Minimum allocations are given by

COMPLEX P(N*N), T(N), TP(N*M), G(M), C(N),
ALP(N), TF(M), F(N)

DIMENSION X(N), Y(N), PHI(M), AM(N),
AM2(N), H(M), FF(N9+1), E(N9+1),
QN9+1), CC(N), TFM(M), FM(N), FP(N)

)0 loop 15 stores the KM row of the matrix [T] of (2-18) in T. DO
luop 15 stores the K“Elgment of [TﬁJ in TP((J-1)*M+K), DO loop 25 stores
h of (2-19) in H, accumulates||§°|F of (2-14) 1in GG and replaces G by its

complex conjugate,

Steps 1, 2, and 3 of the iteration procedure described in Section IV,
Report No, 2, are executed for the K9th time inside DO loop 19. 50 loop 18
stores C of (2-42) in C(J) and ICJ]’ in CC(J). DO loop 31 stores F{0) of
(2-45) 1in S6. 1f S6 < O DO loop 68 carries out Newton's method starting
with a equal to the root of (2-45) for the previous value of K9, a is stored
in both AL and AS(J9) while F(a) of (2-45) resides in FS(J9). Statement 60

calculates (1),

Lf uj+1 < 0 then °j+1 is set equal to zero. The subscripted a's
appearing in Fquation (1) are not to be confused with those of (2-40).

DO loop 91 puts ai of (2-40) in ALP(i) and accumulatesH-f'”2 in S5.
DO loop 92 stores the synthesized pattern
(T}f = a[T)e
gy 0

in TF and its magnitude in TFM. DO loop 92 alsov accumulatesH[T]_f”2 and the

pattern synthesis error ¢ of (2-23) in TFS and S1 respectively. Statement
> *

56 chenges the angle of G to that of (Tf) . At the end of DO loop 19, the

source norm squared
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ol N
NER = ) fal?

im=]l

the relative pattern synthesis error — , and Q defined by (2-15) as

&

—
2
M -HSlL—— are stored in FF, E, and Q respectively.

eI E |2

DO loop 94 stores f in F and accumulates the source norm squared

N
(A TAL

n=1

in S3. DO loop 94 disvovers that the J3th element of f is largest in
magnitude. As expected, the second and fourth quantities S3 and S4
printed by statement 57 are very close to the final values of FF and Q.
Statement 59 punches f on cards for possible input into the program of
section IX of this report. DO loop 5, normalizes the element of E;
largest in magnitude to 1 and then stores the magnitudes and phases in

degrees of the elements of f in FM and FP respectively.

According to the printed outputs of the magnitude pattern synthesis
with constrained source norm program of this section and the magnitude
pattern synthesis program of section III of this report, it has been pos-
sible to reduce the source norm squared from 27,540 to about 8.0 with

only a slight increase in the pattern synthesis error.
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LISTING OF MAGNITUDE PATTERN SYNTHFSIS WITH CONSTRAINED SOQURCE NORM PROGRAM

//

(0036 4FF115Se194)y "MALIT? y JDE ' 4yREGTINN=200K

// EXEC WATFIV
//GUGFTO2F00Y DD SYSOUT=R.NDCAR=(RFLFM=F yRLKSI7?F=R0)
//7GOSYSIN DD *

$JOB

30

42

10

1.3

37

11

24

21

29

15

16
la

MAUTZ s TIMF=1,PAGES=40
COMELEX UsUL4COMIGRE100)+TL10)sTPL340)46(36)
COMFLEX CO10)4ALPII0) TF(3A)4F (10}
DIMENSTON X(10)4Y(10)sPHI(3A)sAM(10),AM2(10)4H(3A)FF{AL1)sF(AY)
DIMENSTON QU61)4CCI10)4AS(31)oFS(30),TFM(3A),FM(10),FP(10)
Pl=2,141593
Cr=F1/1R0.
l={Ceola)
REA[' (1 +30) NyMJNGyNIBKFPS
FORMAT(G13,2E14.7)
WRITE!13432) NeM(NG.NQ,,BKHEPS
FIIRMAT(YO N M NG NOYGAY,TRK 11Xy 'EPSH/1Y,413,2F14,.7)
REAT{Y1 4100 (XTY)el=14N)
FORMATLI0FR 4 4)
WHITE(3413)(X{]1)eI=1aN)
FORMAT('OX¥/(1X410FR.4))
KEADLY 4100 IY (1Y al=14N)
ARTTE(3,37){Y{1)s1=14N)
FORMATI'OY '/ {1Xs10FB.4))
REAC(YIZ10)(PHI(T),1=14M)
WRITFE{3411V(PHI(])I=14M)
FORMAT(*OPHIY/{1X,10FB.41))
CEAM(1423) (AMLd) e d=10eN)
FORMAT(5F14,7)
WRITE(2,26) (AM{)) 4 J=14N)
FORMAT( YOAM!/(1X,5F14,7))
NN=P*N
IM=M
JAM: (N+1)/?
REAI(T423)(P(J)eJ=1+NN)
WRITE(3,210(P(J)sd=14NN)
FORMAT('OP'/(1X5F14.T7))
N0 +9 J=1N
AMZ ) =AM J)=AM(Y))
CON TNUE
DN T4 K=1,M
S1=PRT{K)=CP
CS=(0S(Ss1)
SN=4IN(ST)
DIl 5 1=1.N
ST=HK=(X{T)1%CS+Y{])%SN)
Tl =CNS{S1)+u=SIMIS])
CAN INUE
Jl=u
RYEIR
NN 6 g=14N
TPI12)=0.
DN 7 I=1.N
J1=d1+1
TPLA2Y=TRPIU2)14T (1P (1)
CAON "TNUE
A2 =012 4M
CON INUE
CON INUF

42



DO 22 JG=14NG
READ(1+23) CN
WRITE{3,23) CN

28 FORMAT(YOCN="',F14,7)
READ(1410)(G{I)s0=14M)
WRITE(3,12){G(1)4I=14M)

12 FORMAT('0G*/(1X,10FR.4))
EP=EPS*CN
6G=0.
N 25 d=14,M
H1=CONIG(GLI))
S1=G(J)*U]
GG=66G+S1
H(J)=SORT(S1)
GlJ)=U1

25 CONTINUE
FFi1)=0,.
F(1)=1.
0(1)=0.
Jae=1
AL=AM{AM)
AS (1) =AL

201 DI} 19 K9=1,N9
J1=0
DO 1R J=14N
HY1=0.
DO 20 1=].M
Jl=d1+]
1=U1+TP 1) =G(T)

20 CONTINbOE
C(JY=CONJGLUL)
CCLI) =N %C ()

1R CONTINUE
S6#=CN
NO 31 K=] N
SA=S6~CCIK)/AM2(K)

31 CONTINUE
IF(S6) 664,65,65

65 J9=1
AL=0.
AS(J9)=AL
FS(J9)=S6
60 TO K7

66 AL=AS(49)
AS(1)=AL
Je=1
DO 6R J=1,30
$2=CN
$5=0.

DO 67 K=1,N
S3=AM{K)+AL
S4=53x%S3
$2=82-CC(K)/S4
$5=85+CC(K)/(S4%S3)
67 CONTINUE
FS(J9)=S2
IF(ABSIFS(JU9)).LE.EP) GN TO 87
60 AL=AS{J9)=,5%FS(J9)/55
J9=J9+1
[F(AL.LF,0.) AL=0.

43



AS(J9)=AL
A8 CONTINUE
WRITE(3,219)
219 FORMAT{ *ONEWTONT METHOD DID NOT CONVERGE')
R7 S$5=0.,
DO 91 K=1,N
ALPIK}=C(K)}/{AM(K)+AL)
S1=ALP (K)®CONJGLALP (K )}
S5=85h+9]
91 CONTINUE
WRITE(3,90)(AS(K)K=1,4U9})
90 FORMAT({* CUNVERGENCE DF LAGRANGE MULTIPLIER'/({1Xs10E1).4))
WRITE(3,100){FS(K).K=14J9)
100 FORMAT(* FUNCTION'/{1Xy10E11.4))
S1=0.
TFS=0.
DN 92 =14.M
Je=J
Uls0.
DO 93 K=1,N
U1=U1+TP(J2)*ALP(K)
J2=924M
93 CONTINUE
TR{3)=U1
U1=CONJGIUTL)
S2=TF () *U]
TES=TFS+S2
TFM{J)=SQRT(S2)
S2=TFEM(J)=-H(.)
S1=51+52%S2
56 GLII={HIJ)/TEMLI) )=
92 CONTINUE
J2=K9+1
FFLJ2)=S5
F1J21=S1/66
N(J2)=7M*S5/TFS
IFIE(U2).GE.E(KI)) GO TO 44
19 CONTINUE
44 WRITE(3,51)1(FF(1)s1=1,442)
51 FORMAT(YONORM SQUARFED OF F'/(1X45F164,.7))
WRITE(3452)V(E(T)41=1442)
52 FORMAT('ORELATIVF ERROR'/{1Xy5E1447))
WRITE(3,53)(0(1)s1=1042)
53 FORMAT('0Q'/(1X45F16,7))
$2=0.
$3=0.
NO 94 J=1,N
F{J)=0.
Ji=J
NO 95 1=1,4N
FUII=F(JI+P LU RALPCT)
J1=1+N
95 CONTINUE
SI=F(J)PCONJGLFLI))
$3=53+81
FFIST.LT4S2) GO TO 94
$2=81
Ji=y
9¢ CONTINUE
Ul=1e/F(J3)
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Se=7M*S3/TFS
57 WRITE(3,54) GGWS34FLU2) 454
54 FURMAT{VOGL=Y gFld T4 FRaV 3 Fla 74 FxVyFla,74' 0=',F14,7)
WRITH(344R)(F{TYyl=14N)
4R FORMAT(YOF'/11Xe5F14,7))
59 WRITE(2,4,23)(F(1)s1=1.N)
D55 J=1.N
Fid)=z=U1%F{)
FM{J)=CARSIF ())
S1=REAL(F())
S2=AIMAGIF(J))
FPIJI=LATAN2(S?2,SY))/CP
5% CONTINUE
WRITE(3,42)(FM(J),.0=14N)
42 FORMAT(YORM! /(1 X410F7,3))
WRITE(S443)(FP L) gd=1eN)
43 FNRMAT('OFPY /{1X,10FT,1))
WRITE(3449)(TH(K)sK=]4M)
49 FORMAT(YOTFY/{1X,10FR,4))
WRITE(3,50Y(TFM(T ), 1=14%)
50 FORMAT('OTEMY /(1 X4 10FB.G))
22 CONTINUF
STne
EN)
SDATA
10 36 1 4N D290RRR2F+00 0.1000000F-07

0.0000 5.3608 10,6068 15,5027 19,2648 19,2648 15,5027 10,4048 5,360R
=10.0000 =9,6320 =R, 6706 =6,2+94 =2,5550 ?2,5550 K,2K34 R 4TNH  9,A320 10,0000
50000 15,0000 25,0000 35,0000 45,0000 55,0000 A5,0000 75,0000 85,0000 95,0000
105,0000115.,0000125,0000135.0000145,000015%,000014A5,0000175,0000185,0000195.,0000
205,0000215.0000225.0000235.,0000245.0000255,.0000265,0000275,0000285,0000295,0000

305,0000315.0000325.0000335.0000345.0000355,0000
0,9467145F 072 0.B07RA329F 02 0.A19%313F 02 0.546R497F 02 0,2875992F 02
0.25517213F 02 0.9A392KR3F 01 0.3275412F 01 0.5507557F 00 0.162R423E 00
0,2903522F 00 0.2304621F=06 DehRGLURAAE=N] D,42410T72F-0R=-0,3h4T421F 00
~0e97297THE6F=-07-0.4885511F 00-042973702F=-07-0,19R2N093F 00 0,43775AAF=-06
0,1982076F 00 0.2547125E-0h 0.4RK5510F 00-0,30913R7F-0A 0,3647433F 00
~0.1R50908F=0h-0.HRL4BR4E=-0]1 0.27135AT7F=-06-0.2903540F 00 0,5429575E-06
=0,A914965E-01 0.2161319F=06 0.2720940F 00-0,1°33020F-0A 0,330R7R7F 00
=049951A51E=07=0.1172659F 00 0.3P58T15F=-06=0,54293A2F 00 0,7947568F-06
=0e5429378F D0=0,536RT20F=-07-0.1172A73F 00-0.,524431KE=-06 0,330R7R0F 00
0,30R7R53E-06 0.2720941F 00 0.7309A96F~06-0,R914953F=~01 0,72100297F~-06
0,529R515E 00 0.427024RF-0hA 0.430H0RARF 00 0,1473907F=05 0,72920523E-01
0.9519529+-06-0,77R4194FE~=0]1~0,5524A1RF=0hA N,1A351A2F 00-0,RAR45A3AF=06
0.1635150F 00 0.1771575F=NA-0,T77R420AF =01 0.4654154F-06 0,2921355F-01
~0.6627TR55E=-06 0,430R203F 00-0.1629448F=-05 0,529R54AF 00-0,7521597F=-04A
~0,1047320F 00=-0,1435871F=05-0.%45703AF 00=0,11593R9F-05-0,394RAKRE 00
0.14612610F~-06 O0JREIINGIF =01 0.447507T9F=-0hA 04 1A55A3RF 00-0,774916RF~-06
~0.1655665F NO0-0.8152254F~06-0.8BR9291RF~01 0.%2492RA4F -0 0,394KAAOF 00
0.6803169E-06 0.,5456957F 00-0.5H20197F=-06 0,1047221F 00-0,1504132F-05
=0437734677E=01-0.2796079F =05 0187550k F=01~0,409 /A09F=0h=-0,416TARLE 0O
043626927E-05-0.5573131F 00 0.23%AA54F=N8=0,11R026A0F N0-0,1477333E~05
=0L.,1180170F 00 0.3259473F-05=-0,55730AR8F 0N 0,5574124F-05-0,41A7722F 00
0e622424R3FE=05 0. 1HI5RYRE=0]1 0e24139N7F=0A=0,377232RF=-01 0,32hR949E~05
=045359712F DN-0.3h68R5AF=-05-0,11951N7F D0-D,85N4R47F=0A 0,10A0919F 00
~0.1918221F~05=0.2K10081F 00-0.5109343F-05-0,32R973RF 00-0,2711RQ9FE=-05
0.32R9769F 00 N,14K6196E=-05 0.2810201+ 00-0.13A7136F=-05-0,1040R11E 00
=0,3287122F-05 0.1195102F 00 0.651727RF-06 0.53594A92F 00 0.,319RR25F-05
=0.41397K8E 00=-0,4251949F-06 0,3121094F D0 N.35A354AL-0A 0,2026003F NO
0.142547THE=06-0.1956105F 00-0.4762701F-0A 0, 3R99477F 00 0,A9R7133F-04A
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043899 492F 00-0,3403692E-0A-0.1954079F 00 0,%294441F=07 0,20264022F 00
0.2056303E-06 0.3121062F 00 0.,140394RF=-0A-0,4139754F 00-0.26hRA32RE~-06A
0.32108H3F 00 N.4192697F=-0h=0+344A192F 00-0,45A1953FE=0h 0.23hH264E 00
0e225T197E~06 0,1475003F 00-044949951F=-0h=0,44T75349F 00-0,4]1HR044LF=-0T7
0.64676606F N0-0.4944204F-0A=-0.1475034F 00~-0,32RRA54F-06-0,236209E 00
0 2BT1BROSF=-06 D,3446209F N0-0.56496532F-06=-0,3211029F 00 0,5917A25E~04
0.,1962254E 00 0,1733023F=-05-0.3776212F 00-0,3023024E-05 0.4183334F 00
0e3710%24F=-05-0,3625054F 00-0.3121309F-05 0.1117757F 00 0.16425577F=-05
0.,1117630F 00-0.4275416F-0A=0.3624925F 00-0,R27RRAGE =07 0.41R322AF 0O
041 33R545E-N0-0,3776149F 00-0,35R453AF-06 0,1942231F 00 0,1241534E=07
~0.119K015F 00-0, 6558449F-06 0.2539174F 00 0,4111407E-0A~-0,37919409E 00
~0.3516973F-06 0.3907360+ 00-0.35904495F-06-0,3531159F 00 0,R053731f~06
0435312108 00-0.- 3RB4469F-05-0.39074RAF 00 0,296R422F~-05 0,37920R6F 00
~063526511E=NH-0,2539279F 00 0.2444993F=05 0,119R0ARF 0D0-0,1146047F-05
0.H000000F+01

540191 00,0030 3,R63/7 00,0000 2.3KA2 0,0000 1743 0,0000 11,4142 90,0000
1.2208 0,0000 1.1034  0,0000 1.03%3 00,0000 1.0038 0,0000 0.,0000 00,0000
0.0000 00,0000 0,0000 0N.0000 0.0000 0.0000 0,0000 0,0000 0,0000 0.0000
00,0000 0.,0000 00,0000 00,0000 0.0000 00,0000 00,0000 0,0000 0,0000 00,0000
0,0000 00,0000 00,0000 0,0000 0.0000 0.0000 00,0000 0,0000 0.,0000 00,0000
0.,0000 0,0000 0.,0000 00,0000 0.0000 00,0000 0,0000 0,0000 00,0000 0,0000
J.0000 0,0 00 0,0000 0,0000 0,0000 0,0000 0,0000 00,0000 0,0000 0.0000
Q0000 0,0C00

$STHP

/%

//

PRINTHD OUTPUT
N M NG NY RK FPS
10 36 1 40 C.290KBH2F+00 0.1000000€-02

X
00000 543608 10,6048 15,5027 1942648 19,264R 15,5027 10,6048 5,36A0R 0.0000

Y

~10.,0000 -9,6%20 -B,4706 ~6,2R894 -2.5559

PH]

745559

6,2RQ4

R,4706

9,A320 10.0000

5.0000 15.0000 25.0000 35,0000 45,0000 55,0000 A5.,0000 75,0000 R5,0000 95.0000
105,0000115,0000125.0000135,0000145,0000155.00001465,0000175,0000185,0000195,000¢C
2117,0000215.0000225.0000235.,0000245.0000255.,0000265,0000275,000072R%,0000295.000C
305.0000315.0000325.0000335,0000345,0000355,0000

AM

0.9467145F40;
0.2551213F+00

%)

0.2903522E+0(

062306621F-0hA 0.hRG4RAAE-D]

PLUS 39 MORE | INES OF PRINTED OUTPUT

CN= 0.80000001 401

G

0.807R329F+02 0.6195313F+0? 0,54AR4QTE+0N?2 0,2R75992F+07
0.96392KH3F+01 0.3275412F+01 0,5507557E+00 0.1628423E+400

0.4241972E-0R=0,3647421F+00

560191 0.0000 3.R637 0.,0000 2.36672 0.000N0 11,7434 0,0000 1.4142 0,000¢
1,220 0.,0000 11,1034 0.0000 1.03%53 0.0000 11,0038 0.0000 0.0000 0.000¢
0.0000  0.0000 0.0000 95,0000 0.0000 0.0000 0.0000 00,0000 0.0000 0,000(
0.,0000 00,0000 00,0000 0,0000 0.0000 00,0000 0,0000 00,0000 0,0000 0,00
0.0000 0.0000 0.0000 00,0000 0.0000 0.0000 0,0000 0,0000 0,0000 0,000/
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00,0000 0,0000 0.0000 0.0000 0,0000 0,0000 0,0000 0,0000 0,0000 00,0000
00,0000 0.0000 0,0000 0.0000 0.0000 0,0000 0.0000 0,0000 0.,0000 0.,0000
00,0000 0,0000
CONVERGENCE (IF LAGRANGE MULTPLIER
VeZHT6E+02 DL00D0E+00 N, 40H0F-01 0.A232F=-01 O.AR1RE=-0]
FUNCTION
0e7731FE401-065365F+01-041674F+01-0.1977F+00-0,4759E~-02
CONVERGENCE (OF LAGRANGF MULTPLIER
O.661RE-01 N,1016E400 Ds1116E+00 0.1121F400
FUNCTION
=0e2261F401-0,4185E400-0e2132F-01-0.6294E~04
CONVFERGENCF OF LAGRANGE MUL TPLIER
0.,1121F+00 0.1255E+400 0,12645F+00
FUNCTION
=0.9431F+00=0,35%41FE-01-0,1707F~03
CONVERGFNCF 0F LAGRANGF MULTPLIER
041265400 0,1239F4+400
FUNCTINN
OeB753-01-0,1105k-02
. CONVERGENCE OF LAGRANGE MU TPLIER
0,1239F4+00 0.,1158E+00 0.1162E+00
FUNCTION
0.2705E400=-0,1127E=-01-0,1812F=04
CONVERGENCE OF LAGRANGE MULTPLIEK
01162400 0412738400 0.1280F+00
FUNCTINN
—0,42K6E+00=-0,23]1hE=-01-0.7629F 04
CONVERGENCE 1iFk LAGRANGH MEN TPILTER
O1280F+00 0,1520F400 0,14%52F+00
FUNCTION
~0.95431 +00-0 4 1ONBE+NN-0,1410E-02
CONVERGFNCHE OF LAGRANGF MULTPLIER
De1552F+01 B 1AT2F+00 0.1 6TBF+00
FIINCTION
=0e3975E400=-11,2006F-01=0,5R) TF-04
CUHNVERGENCE (1F LAGKANGE MHLTPLIER
De1ATRE+N0 D1 TO9F+00

FUNCTI(N

= o9395F=01=-0,1217E=0?

CONVFRGEFNCE (F LAGRAMGFE M TPLIER
0,1709t+00 0,1713++00

FUNCTION

=0.1031F-01-,1907E-04
CONVERGENCE UF LAGRANGE MULTPLIER
0.1713t+400 0.1709t400
FUNCTION
0.,1030t-01-0,1621FE-06
CONVERGENCE OF LAGRANGE MULTPLIER
0.,1709E+00 0.1705FE+00
FUNCTINN
0.,1159FE=01-0.,2003E-06
CONVERGENCE (IF LAGRANGE MULTPLIER
0.,17056+400 0,1702E+00
FUNCTIDN
D RRH52FE=-02-0.1164E-04
CONVERGENCE (1F LAGRANGE MULTPLIER
0.1702t+400
FUNCTINN
OebQl4k=-07
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NORM SOUARED OF F

0L,0000000F+00
0R000013E+01
0.H000008E+01

RELATIVE FRRIIK
0.1000000E+01}
1e?2330162F+00
Oe19114R4E+0(

(1
0400000008 +0(
Oe7140370E4+0}
e bH26553E+0]

(~(5=

4

=0,6) 77318t NDU=-0,4299659F~01 0.B4A1RAIF
01100197+ 0 ~0.,96H7752F=01 0,1416A02F
=0,4408940F 00 0.42676072F 00 0.3108A31F

0.55545049t 40?2 FF=

N.A0NGTH2E+01)
D.B000068E+0)
0.800000%¢F +01

0.290K099F+00
0.2110200F+00
0.1911200F+00

Q. 7T7TBTT0ORE 401
N.69974KTF+01
0.6R25109F +01

0.7993944E40) F=

0.R000054F+0)
0.8001402++0]
0. H000011F+01

0e2bhh3ALE+00
0, J9H5Y9R2AF+00
0.1911127E+00

0.7495522E+01
0.ABTRAIDE+0!
0.6823977F+01

0.1
00

01
00

D.HLT257 3 00-0,3309910F 00-0,72A9035F 0N
EM
04290 04655 1,000 0,981 0.527 04424
FP
63,6 157,57  =0.0 =135.5  BAh =93,5
TF
2.R1R9  0.1968  3,2367 =0.3112 2.5793 -
~1.3450 0.3385 =0.7852 1.3091 0.2037
0.1011 =0.1506 =0.0388 -0,0399 -0,0711
~042238 =0.1152 =0.1972 -0,1438 -0.1138 -
~0.06RT =0,0637 =0, 1186 =0,1425 =0,1557 -
=0,01R3 =0,1366 0,026/ =0,03H1 -0.0547
-0.1623 01081 =0.4107 0,245k =0.h06A
le7161 0.2872
TeM
2.8257  3,2516  2,8002 1.77497 141202
DelB1Z 040556 0.071K 041268 0,2040
0.0932 041854 0,2937 0,2901 0.2791
0.1950  0,4TRTL 0,6413  0.3662 0.5071
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0. R0001AF+0]
0. R000050F+0]
0., A000007++01

0.25420R84F+00
0.192017xF+00
0,1911109F+00

0.7363955F+01
0.6R3H337++01
0.6R231ATE+01

Q112R4F+00 D=

0.4310746F
0,549670KF
0 LLRANGTF

Qaeh&7018F 00

0.377 0.56R

The? =1133,2
1.0900 0,9962
1,26408 00,6494
0.0096 =0.,1257
0.11R3 -0.,0407
0.200?7 -0.1729
0.04R3 ~0,1277
0.2081 -0,3549
1.7919 1,.52A5
042517 00,2401
0s1R7H 00,0466
1.733R

00-
00~
00-

0, RO0T1095F+ 01
0,R00120RF+01
0,7994071F+01

0.245A300F+00
0,1Q12803F+00
0,19112R4F +00

0.772575ARF +01
0.6R29524F 401
0.,6R17R93F+01

Ne ARTTR29F+01

0.9412030F 00
0.529321KF 00
0.RRO1NGALKF -]
0, 1289072+ OO

0.5%?2 0,333
1hel 146,11
=1.,4747 -0,6A06
0.5049 00,4381
-0.,0149 -0,1940
=0.06AR =0,024%
~0,2330 =0,12AR
-0,0039 =0,10A2
0,0903 0,4953
1.7574 00,8225
Dlh4]  0,0699
0.0741 O0,127R

=-0,9064
-0.061
-0.067
=0.,024
~0.24%
=0.02A

0,108

NDeb47
N.03*F
0.10¢



VIL, PATTERN SYNTHESIS WITH CONSTRAINED QUALITY FACTOR

The program of this section {s obtained by replacing the block .f
statements from (and including) statement 201 to statement 9I in the
pattern synthesis with constrained source norm program of section V of
this report by the block of statements listed in the present section.

The punched card input data 1s the same as that of the pattern synthesis
with constrained source norm program except that CN is interpreted not as
the upper bound on the source norm squared but as the upper bound Qo on the

quality factor Q.

Summarizing the results of section VI, Report No, 2, the optimum

source vector f is given by

» Qo N Ct >
E= (U #e s | e (2)
=1 1
where Q0 is the upper bound on 0, C1 is given by (2-42) and Ai and $1
satisfy (2-35). 1If
N 'cil2
Sy
0 > M =1 i = Q0 (3)
‘o — _tg"—lc_irl '3
=1 M
then B = 0, Otherwise, B is determined from
N !cil2
=1 (4*8)
o -M -=F() =0 )
o N |C A
|
iy (48
1f
o M ] 5
(o {l t (5)
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where Al is the largest eigenvalue of (2-35) then (4) has no solution

because Q {8 always greater than Qo. If

N N
Lolel?
0 Q <Mi_.1__..._..__.= (6)
h 2% N s
Iodegly
i=]
then
- p_"\l (7)
If
Q< 0~ Qy (8)
DR A (9

The above scheme determines 8 uniquely because the left hand side of
(4) is a monotone decreasing function of B in the intervals (-=, ~Al)

and (0 =),

n verbal flow chart of the replacement block of statements is as
followsi. Just after DO loop 202, Q2 and Q3 of (6) and (3) are stored
in 02 = - =
in Q2 4nd Q3 respectively. Starting with either § Al A(N+1)/2 or
NO loop 213 carries out Newton's method for finding the

5= Aeuy/2e
root o (4). According to Newton's method,

B, AR, - = (10)

dfferentiating (4), we have

| 2 |2 2
N C N Ici oo Icil AN lc

i
J E raie ) 1) <
) R OV LA M SV A W)

I 2

el (1)

F'(8) = 2M =
(r\g lci Ai)Z
el Wt
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An alternate form of expression (11) is

2 232 2
T L e
, (=g Oy+8)7 2 (4B)° L O’
F -2 12
(8) v Ic, 7, (12)

( Z @ +a)2’

For large |8, (11)1sthe difference of two terms each of which is proportional

o but (12) is the difference of two terms each of which is proportional

to B2 Thus (12) is less susceptible to round off error when |B| is large.

However, both (11) and (12) are indeterminate when 8 = - ) Equation (12)

L
can be written as
lc,l? N |?
F' (8) = 2 < o +e)s+ i 18)?)
N e |2A“ 1=2 Y4
( L ,78) 2)
2,2 2,2 2
Ic, | A1+ N e, Ai) (lc |23, \ N e, 115)2> -
3 3 _ J
(N #8)° L G O " L G #8)

After cancellation of the —(—)‘-%B-)-g terms, expression (13) becomes

)2 2)? 2
s m N e 3 N el A%_ N, | ‘1)2
(’z‘ Iyl A1)2 =2 A4*B7 4 O4F8) =2 (A4*8)
O +B)2
|c| N lcilzxi , N |<‘ |2 N |Ci|2A1
o o LR 3570 L G 1é)
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DO loop 214 accumulates in S1, S2, S3, S4, and S5 the five different
sums appearing Iin (4) and (14). Next F(B) of (4) is stored in FS and F'(B)
of (14) in DO, B of (10) is stored in both AL and AS. If the new 8 is out-
side the correct interval, the logic between statements 216 and 218 replaces
8 by the average of the previous B and the end point of the interval. DO
loop 91 stores the coefficlents of 31 appearing in (2) in ALP,

The sample punched card input data is numerically the same as that
of the pattern synthesis with constrained source norm program except that
CN = (.4000000 E+01 is replaced by CN = 0.4049586 F+01. The number
0.4045586 E+0l1 obtained from the printed output of the pattern synthesis
with constrained source norm program is the Q of the source vector f which
minimizes the pattern synthesis error subject to the constraintll?|l2§_4.
Comparing printed outputs, we see that the pattern synthesis error of the
pattern synthesis with constrained Q program is only slightly smaller than

that ¢f the pattern synthesis with constrained source norm program.



TO OBTAIN THE PATTERN SYNTHESIS WITH CONSTRAINED 0 PRNOGRAM, REPLACE
THE BLOCK (OF STATEMENTS FROM STATEMENT 201 TN STATEMENT 91 IN THE
PATTERN SYNTHESIS WITH CONSTRAINED SNURCFE NNRM PRNGRAM RY THE
FOLLNWING STATEMENTS,

IM2=2 ,%] M
AMM==AM(])
D1=2M/7AM(Y)
$1=0.
S2=0,
$3=0.
S4=0.
DO 202 K=1.N
S1=S1+CCIK)/AM2(K)
$2=52+CC(K)/AM(K)
$3=283+CC(K)
S4=54+CC(K)*AM(K)
202 CONTINUE
N2=1M%53/54
03=2M%51/S52
WRITE(3,203) 01.02,03
203 FORMAT('001=",El4e74? Q2=1,F14474' 03='4E14.7)
IF(CN,GE.Q1) GU TO 204
WRITE(3,205)
205 FORMAT('OSPECIFIED O IS TOO SMALL')
G0N TO 22
204 (9=1
IF(CNLLE,A3) GO TO 207
AL=0.
AS (J9)=AL
FS{J9)=CN-Q3
GO TO 208
207 TF(CN.GT.02) GO TO 211
K0N=1
AL==AM{1)=AM(JAM)
Gn TN 21?2
211 KQ=2
AL =AM(JAM)
212 AS(J9)=AL
DO 213 K=1,30
S1=0.
S2=0.
$3=0.
S4=0,
$5=0.
IFIN.EQ.1) GO TO 225
DO 214 J=2.N
Sh=AM(.J)+AL
ST7T=S6%S6
S8=CC(J)/S7
$9=SR/Sh
S1=51+SA
$2=S2+SR*AM( )
$3=53+59
S4=S4459%AM(,))
S5=55+59*AM2 ()
214 CONTINUE
225 SH=AM{])+AL
S7=S6%S6
SR=CC(1)/87
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216

219

208

91
PRINTED

N M
10 36

X
0.00

Y
-10.00

PHI

S1=51+SH

S2=S2+SR%AM(1])

SY=SR/ShH

FS{J9)=(N=7MxS] /52
[FEARS{ES(A9))LFoFP)Y GO TO 20R
DO=ZMP %[ S34SH=S4 %S4 +SH (SH+AMP (1)4#83=2 , %AM(])%S4))/(S2%52)
AL=AL=F&(09) /D0

GO TNE2164,217) KO

TFUAL LT AMM) GO TO 218

AL = Jh% (P MMEAS(19))

G 10 2R

FFEAL G L,00) GO T 218
AL=,5%A4{9)

JY9=09+]

ASTJI9)=nL

CONTINUE

WRITE(3,210)

FORMAT (' ONFWTUNS METHOD NDID NOT CONVFRGF*Y)
S3=1 4+A1L%(N/IM

DO 91 K= 4N

ALP(K)= ST/{AMIK)+AL))*C(K)
CONTINU

UTPUT OF PATTERN SYNTHESIS WITH CONSTRATINFED O PRNGRAM
NG RK FPS
1 0.2908B82E400 0.1000000F-02

00 5.,3008 10,6048 15,5027 19.2h4R 19,2648 15,5027 10.604K

00 -9,61320 -8B.,470h -6,2894 -2,5559 22,5550 A,2R94 R,4704

5¢3A08

0.000¢

9,6320 10,000¢

5.0000 15,0000 25,0000 35,0000 45,0000 55,0000 A5.,0000 75,0000 Kr5,0000 95,0001
105,0000115.0700125,0000135,0000145.0000155,.0000165,0000175,00001R5,0000195,000
205.0000215.0000225,0000235.,000024%.0000255,0000265.,0000275,000028%,0000295,000:

305.00

AM

N0315.0)00325,0000335.0000345%5.0000355.0000

0.9467145F+0° 0,8078329r+02 0.A195313F+02 0,546R497FE+02 0,?2RT75992F+02
0.2551213E+02 0.,9639283F+01 0.3275412F+01 0,55075576400 0,162R423E+00

p

0.2903522E+01) 0.2304621F=06 0.6RBLLRAAF=0]1 0,4241972F-08=0,3647421F+00

PLUS 3
CN= 0.
G

5401
.22

9 MORE _INES UF PRIMTED OUTPUT

40495KRA-+01

91 0.0)700 3.4637 0.0000 2.36K7 0.0000 11,7434 0,0000
PR 0,000 1.1034 0,0000 1.0353 0.0000 11,0038 00,0000

0.,0000 0,000 0.0000 0.,0000 0.0000 0.0000 0,0000 0,0000

0.00
0.00
0,00
0.00
0.00

00 0,000 0,0000 00,0000 0.0000 0.0000 00,0000 0,0000
00 0.,0)00 0.000n0 0.0000 0.0000 0,0000 0,0000 0,0000
o0 0,0100 0.,0000 0.0000 00,0000 0.0000 0,0000 0.0000
00 0.,0300 0.0000 0.0000 0.0000 0,0000 0,0000 0,0000
00 040200

54

14142
0,0000
0.0000
0.0000
0.0000
0.0000

0.000
0.000
0.000
0,000
0,000
n.0no
0.000



cC

0.,25526H61E+03 0.4203154F+03 0,28340A1F+02 0,270A128F+03 0.3A13115E+03
0¢1311916E+03 0.1149906F+02 0.1260125F+02 0,2570739E+400 0.72755140F+00

Ol= 0,3802624E+00 Q7=

0.6063324E+00 03=

CONVERGENCE OF LAGRANGF MULTIPLIER
0.2RTHE+02 0,143BE+02 0.7190F+01 043595F+01 0,1797E+01

0,1079E+00 0.1878BE+00 0,23555400 0,24K0F+00

FUNCTINN

0.1259200F+02

0,3182F+01 0.30ABE+0] N.2913F+01 0.2ARAF+01 0,2344E+0]
~0.2251E401+-0.6632E+00-0,1N39F+00=0,3542F-02

GG= 0.5554509E+02 FF=

[3

0.,4228370E+01 F=

04323R343E+00 0=

Ne1RA5F+0D1}

0,4052990F +01

~0.3523602E 00 0.,24637H2E 00 0.8179110F 00 0,19410A4F 00-0.9640R9RF 00
=0.33972B1E 00 0.1669634F 00 0.8117120F 00-0,6355A43F-N3-0,21RARA25F 00
=0.3119421E 00 0.4R25922F 00-0.1727355F=-01-0,1875600F 00-0,2014132E 00

0.634R063E 00-0,5706120F 00=-0,4445961F 00 0.,4400374F 00-0,17639K67F 00

FM
0,421

FP
-54 .4

TF
244785
0.5064
0,3043

=0 02671
-001533
0.2583
-0.5693
1.4194

TFM
2 .4R04
0.472R
0. 444H
0.5721

0.H22

173.9

0.097R
0.3740
-0.3618
-0.3555
=0.4174
~-0.2101
0.0569
0.0250

2 «9RAR
0.5126
0.5650
0.7977

1.000 O0.811 0.214 0.562 0,184
0.0 -121.0 1064 =765 65.3
2.9RR4 -0.0485 22,7169 =0.3176
05711 0.5426 0.70A7 0.2R39
042374 -0.4543 0.0RRR =0.5405

01894 ~0,3448 -0.07A2 -0.3490
‘0.7637 =0.4997 =0.253h =-0.,5R64%
0.2227 0.0673 0.,0100 0.2100

-0.7955 0.0591 -0.R%A3 =-0.0:96
2.7354 1.88R7 0.,9412 0.6295
0.5477 0.5370 0.4979 0.4446
0.6389 0.,A019 0.4774 0.3330
0.89A5 0.5941 0.72R801 1.4194
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0.h%2

~-9]1,R

1.R472

0.6150
=0.1129
-0,0033
-0.1027
=0,2297
-0,5R813

0.7R7R
0.3935
0.72322

0,708

18,5

-003935
-0,0921
=0.5250
~0.,3R34
-0.5931

0.1659
‘0.1223

0.7h16
0.,376R
0.2102

0,464

13R,7

0.,937?
00,4150
-0.2497
-0.0332
0.1114
~0+39R0
0.25R?

0.621R
0.3R34
0.2839

N.RARTE+D0 0,4494FE+0N0

0,111AF+01

-0.,0RAR
=0.,7912
=0.4307
-0.3840
=0.4642

N.0737
'0-10“6

0.5049
0.3874
0.,4048



VIII. MACNITUDE PATTERN SYNTHESIS WITH CONSTRAINED QUALITY FACTOR

The program of this section 1s obtained by replacing the block of state-
ments from (and including) statement 201 to statement 91 in the magnitude pat-
tern synttesis with constrained source norm program of section VI of this report
by the block of statemetns listed in the present section. The punched card input
data is tle same as that of the magnitude pattern synthesis with constrained
source noim program except that CN is interpreted not as the upper bound on the

source norm squared but as the upper bound Qo on the quality factor Q.

A verhal flow chart of the replacement block of statements is as follows.
Steps 1, ., and 3 of the iteration procedure described in section 1V, Report
No. 2 are executed for the K9th time inside DO loop 19. DO loop 18 stores CJ
of (2-42) 1in C(J) and ‘icJ;}? in CC(J). Just after PO loop 202, Q, and Q, of
(6) and (}) are stored in Q2 and Q3 respectively. The logic between statements
203 and 2 .2 adjusts the starting value of 8 appearing in (4) if it is not in the
correct interval, £ {s stored in both AL and AS. For K9=1, the unadjusted
starting “ralue of £ 1is \(N+1)/2' For K9 » 1, the unadjusted starting value of
B is the ‘ralue of £ calculated from the scheme (3)-(9) for the previous value
of K9, DO loop 213 carries out Newton's method for finding the root of (4).
DO loop 2.4 accumulates in S1, S2, S3, S4, and S5 the five different sums appear-
ing in (4» and (14). Next, F(B8) of (4) is stored in FS and F'(B) of (14) in DQ.
If the ner £ calculated from (10) is outside the correct interval, the logic
between s:atements 216 and 18 replaces £ by the average of the previous £ and
the end print of the interval. DO loop 91 stores the coefficients of éi appear-

ing in (21 in ALP,

The sample punched card fnput data is numerically the same as that of the
magnitude pattern svnthesis with constrained source norm program except that
CN = 0.8030000 E+0]1 is replaced bv €N = 0.6817829 E+01. The number 0.6817829

E+0]1 obtained from the printed output of the magritude pattern synthesis with

constrainad source norm program is the 0 f the source vector f which minimizes
the pattern synthesis error subject to the constraint { | © 8. Comparing
printed oitputs, the pattern svnthesis erior of the magnitude pattern synthesis

with constralined O program is onlv sliphtly smaller than that of the magnitude

attern synthesis with constrained source norm progiam.
P 4 !
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TO OBTAIN THE MAGNITUNE PATTERN SYNTHESTS WITH CONSTRAINED O PROGRAM,
REPLACE THE RLOCK OF STATEMENTS FRNOM STATEMENT 201 TD STATEMENT 91

IN THE MAGNITUED PATTERN SYNTHESIS WITH CONSTRAINED SOURCE NORM
PROGRAM RY THE FOLLOWING STATEMEMTS,

AMMz=-AM(])
IM2=2 ,%7M
Ql=IM/AM(])
IFICM.GELOL) GO TO 204
WRITE(3,20%)

205 FORMAT('OSPECIFIED QO IS TOO SMALL')
G0 TN 22

204 DU 19 K9=1,NY
J1=0
DO 1H J=14N
Ul=0,.
Hn 20 T=14Mm
Ji=J1+1
U1=U1+TP (1 )%G(T)

20 CONTINUE
Cear=CuNJIG (U
CCtuy=U1=C())

18 CONTINUE
S1=0.
$2=0.
$3=0,

S4=z=0Q,
D202 K=1,N
S1=S514CC(K)/AMD(K)
$2=52+CC{K)/AM(K)
$3=S3+CC(K)
S4=S4+CC (KI*AM(K)

202 CONTINUE
02=1M%S53/54
03=7IM%xS51/S?
WRITE(3,203) Q1,072,403

203 FORMAT('001='4E1447y" ND2=V,F16e74+" 03=',E14,7)
Jg=1
IF(CN,LE.Q3) GO TO 207
AL=0.,

AS (J9)=AL
FS(J9)=CN=-03
G T 208

207 1FICNL.GT,02) GO TO 211
KO=1}

TF(ALJGTJAMM) AL==AM{]1)-AM(JAM)
G TH 212

211 KQO=2
IF{ALLLT.0.) AL=AM(JAM)

212 AS(JY9)=AL
00 213 K=1,30
$1=0.
$2=0.
$3=0.

S4=0,
S5=0.
IF{NJFOLY) GO TO 225
N 214 J=2,N
SA=AM{ ))+AL
S7=S6%56
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214
225

216

217

218

213

219
208

9]

SR=CC(H) /87

S9=SA/S6

S1=51+S8

$2=S2+SR%AM( )

$3=z53+%9

S4=S4+59%AM( )
$5=2S5+SunAM2())

CONTINUE

S6=AM(1)+AL

S7=56%S6

SR=CC(1)/S7

S1=51+84

S2=S2+SKH%AM(])

$9=S8/S¢
FS(J9)=CN=7M2S})/S2
TFEARSIFS U)K YV LELEP) GD TO 208
O=IMP % (§34555=-S4%54+S9% (S5+AM2( 1) %8532  XAM(]1)%54) )/ (S2%82)
AL=AL=FS({J9) /DO

GO TO (2164217)4K0Q

TFAL LT, AMMY GO TC 218
AL=,5%( AMM+AS(9))

G TO 218

IF(AL,GT.0.) GO TO 218

AL =,5%AS(J9)

J9=J9+1

AS(J9 ) =AL

CONTINUE

WRITEL3,219)

FORMAT{ *ONEWTONS METHOD DIN NOT CONVFRGE?Y)
S3=1.+ALXCN/ZIM

$5=0.

PO 91 K=1,4N
ALP(K)I=(S3/(AM{K)+AL) I*C(K)
S4=ALP (K )ZCONJIGLALP(K))
$5=55+S54

CONT INUE

PRINTED ODUTPUT OF MAGNITUDE PATTFRN SYNTHESIS WITH CONSTRAINED O PROGRAM

N M NG N9 RK EPS

10 364

1 40 (.,?908H82E+400 0.1000000F=-02

0.0000 5.3€08 10,6048 15.5027 19,2648 19,2668 15,5027 10,6048 5,3A0R8

Y
-10.00

PHI

0.0001

00 =9.6220 =H.4T706 =6,2894 =2,5559 2,5559 h,2R94 R,4T06 9.6320 10.000(

5.0000 15,0000 25.0000 35.0000 45,0000 55.0000 65,0000 75,0000 R5,0000 95,000
105.0000115.0(00125.0000135.0000145.0000155,0000145,0000175,0000185,0000195.000(
205.0000215,0000225.0000235.,0000245.0000255.0000265,0000275,0000285,0000295,000¢

305.00

AM

00315,0000325.0000335,0000345.0000355.0000

0.9467165E40; 0.807RI2UE402 0.6195313F+02 0,.564AR4G07E+02 0,2R75992F+02

0,255

p

1213640, 0.9639283E+01 0,3275412F+01 0,5507557E+00 0,162R423F+00

042903922 +00 DNo23046A21E=-0h DhBLLARAF=0] 0,4241972E=0R~-0,3h47421F+00

58



PLUS 39 MORE LINES OF PRINTED OUTPUYT

CN= 0,6R17429E+01}

G

5.0191 0.0000 3.,8637 0.0000 ?2.3kh2
1.2208 0,0000 1.1034 00,0000 1.0353
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0,0000 0,0000 0.0000
0.0000 0.0000 0,0000 0.0000 0.0000
0.0000 0,0000 0.,0000 0,0000 0.0000
0,0000 0.0000 0.,0000 0,0000 0.0000
0.0000 0.0000

0.0000 11,7434
0.0000 11,0038
0.0000 0,0000
0.0000 0,0000
0.0000 0,0000
0.0000  0.0000
0.0000 00,0000
0.1259209€E+02

Ql= 0.3H02624FE+00 02= 0.60hA3330E+00 03=

CONVERGENCE (IF LAGRANGF MULTPLIER

0,0000
0,0000

let142
0,0000
0.,0000
0.0000
0.0000
0,0000
0,0000

0,0000
0.0000
0.,0000
0.0000
0.0000
0.0000
00,0000

(0.2R76E+02 0.1438E402 0, 7190E+01 043595E+01 041797E+0]1 0,R9RTE+00 0,4494E+00
0.,2247F+00 041123E+00 O.HBHA5E-01 0.9111E-01

FUNCTION

0,5951F+01 0.,5836E+01 0,56R1E+401 0.5455E+01 0,5133E+401 0,46A3E+01 0,3RR5E+01]
042554E401 0.638BE+00-0.8500E-01-Gellast:=-02

N1= N,3R02624E+400 Q2= 0.6264157E+00 Q3=

CONVERGENCE OF LAGRANGF MIILTPLIER

0.15125R3E+02

0.9111€E-01 0.1746E+00 0.1319F+00 0.1322E+00

FUNCTION

~0.1360F+01-0,2119F+400-0.7212F-02-0.5722F-05

0l= 0,3R02624E400 Q2= 0.6252590E+00 03=

CONVERGENCE 0OF L AGRANGF MULTPLIER
0.1322E+00 0.1435F+00 0.1441E+00
FUNCTION

=0+3209F+00-0.1624E-01-0.,4292E~04

Ql= 0.3R02624F+00 Q2= 0.H162940E+00
CONVERGENCE [(IF LAGRANGF MIILTPLIER
0,1441E+00 0.1380£+00

FUNCTION

0.,150RE+00-0.42R0E~-02

Olz 0,3802624E400 02= 0.5Y9YR4214E+00
CONVERGENCE UF ILAGRANGF MULTPLIER
0.138NDE+00 0.1263E+00 N,1249E+00
FUNCTION
042R64F+00-0,1629t-01-0.4482F=-04

0l= 0.3R02624E400 02= D.5790257E+00
CONVERGENCE (1F LAGRANGE MIILTPLIER
0.1269F+00 0.1350FH+00 D.1353F+00
FUNCTION
=0s2290E+00-0,R540F-072-0,1335F=04

0l= 0.,3802624E+00 02= N.5h629AR1F+00
CONVERGENCE OF LAGRANGF MULTPLIER
041353F+400 0,1555E+00 0. 1576E4+00
FUNCTION

=0.5969F +00-0.5125F-01-0,45H47F=03

0l= 0,3H02624E400 02= 0.55414689E+400
CONVERGFENCE OF LAGRANGE MIILTPLIER

0.1593605E+402

0.1556036F402

0.1473095F+02

0.1525220E+02

0.16RA37RF+07

0.17744440F+0?



0el1570F+00 0,1678E+00 0.1683E+00

FUNCTIDN

<0.2614F+00-0,1090£-01-0,2193E~-04

Ql=

0.3802624E+00 Q2= 0,5500408E+00 03=

CONVERGENCE OF LAGRANGFE MULTPLIER
N.1683F+00 0,1711E+400

FUNCTION

-0.hR26E-0]1-0.,R011E-03

Ql= 0.3802624E+400 Q2= 0,5481082E+00 03=

CONVERGENCE OF LAGRANGE MULTPLIER
0.17116£+400 0.1714E+00

FUNCTION

=0.,78456-02-0.1717E-04

0l= 0.3R02624E+00 02= 0.,5471681E+400 03=

CONVERGENCE OF LAGRANGE MULTPLIER
0.17164F+00 0.1711E+00

FUNCTITON

0.8230£-02-0.1621E=04

Ol= 0.3R02624E+00 Q2=0.5466917F+00 03=

CONVERGHENCE OF LAGRANGE MULTPLIER
0.,1711F+00 0,1707E+00

FUNCTION

0.93A2F-02-0,1621E-04

0.1801064F+02

0.1R07091E+07?

0.1R07094E+02

0.1R05R29F+02

Ql= 0.3802624E+400 Q2= 0,5664411E+00 N3= 0.1R04625E+072
CONVERGENCE OF LAGRANGE MULTPLIER
0.1707E+0C 0.1704E+00

FUNCT FON

(.71 69E=02=-N,7T629E-05

Ol= D 3RN2624E+00 02= 0.5463050£+4+00 03= N1KR0374RF+02
CONVERGENCE OF LLAGRANGE MULTPLIER

0e1704E+40C
FUNCTION
0. 4R2RE-07

NORM SOQUARED UF F

0.0000000E+00
0.7994216E+01
De8516630E+01

RELATIVE ERRUR
0+.1000000F +01
02321668t +00

0.7195872E+01
0.8195385FE+01
0.8517226F+01

N.2924485F+00
0.2096755F+00

0.76003R1E+0]
0.8413A12E+01
0.8517363F+01

0.2678614F+00
0.194990KE+00

0.1903772t+00 0.19035076+00 0.1903440F+00

{1
0.0000000t +00
OebB176121+01
0.6R17616E +01

GG=

F

0.6818702F+01
0.6H817593F+01
0.681760HE+01

0.6B17563F+01
0.6818030F+01
0.hR17613E+01

0.77R0138F+01
0.,R49A351F+01
0.R517389F+01

0+254R4A2F+00
0.1912015F+00
0.1903419E+00

0.6R17A06E+01
0.6R817A11F+01
0.AR175Q9E+N]

0., 7R92490E+01
0.R514475E+01
0.R511551E+01

0,2656451E+00
0.1905027E+00
0,1903595E+00

0. hR21RGRE+O]
0.AR1A3RAE+O1L
0.6R127649E+01

0.5554°09E+4027 FF= 0.R511467E+01 E= 0.1903595E+00 N= 0,AR1249RF+01]

—0.430959R1 +00~0.4540056F~01 0.B721079F+00 0,4469206F+00-0,96R3221F+00
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~0,1137715E+401~0.1040341E+00 0.14A1415E401 0.56RR2A1F+00=0,544344RE+00
~0,4561355€6+00 0.,4389312F+00 0.3719R26E+00-0,4562135RF +00-0,93R55A2E-01
0.,H430707F+00-0,3397757E+00=-0.,7510453E+00 0,4793990F+00 0,1342400E+00

FM
0,290

FP
43,6

TF
2.9092
'1-3893
0.1049
‘052308
'0.0701
-0.0185
-0.1678
1.7708

TFM
2.916R
0.1872
0,.,0962
0.2014

0.656

157.5

0.2108
0.3660
=0.1550
-0.1195
-0.0659
-0.1927
0.1114
0.2597

3,3564
0.0575
0.19]14
0.4937

61

1.000 0,981 0,527 0424 0,377 0,548
0.0 =135.5 BheT =93,5 75.3 -133,2
3,36419 =-0.3124 2eh655 "lollal 100326

=0.8144 1.,3489 0.2065 1.2814 0.66R8
-0.,06400 -0,0413 -0.,0735 0,009 -0,1298

=0,1982 ~0.1489 -0,1172 -0.1224 =-0.0419
=0,1221 =0.1474 -0.1604 -0.2071 -0.17R0
0,0276 -0,0393 -0,05R3 0.0496 =-0.131R

=0.4242 042525 -0.6267 0.2133 -0,3665
2.8905 1.,8371 1.1564 1.4367 11,5757
0.0742 0,1307 0.2105 0.2599 0.2479
0.2619 042996 0.2RR2 061936 0.04RK0
0.6620 0.3780 0.5235 1.7897

0,552

16.1

-1.5195

0,5232
-0.0157
-000537
=0.,2410
-00004“

0,0923

1.2980
0.1695
0,0765

0.333

146,0

-006192

0.4525
=-0,2001
-0,0272
-0.1303
-0.109&

0.5111

0.R491
0.0721
0.1319

-0.9359
'0-0625
-0.0654
=0.0250
-0.?570
-0.0273

0.1132

0.45A7
0.0370
0.1129



IX. COMPUTATION OF SYNTHESIZED PATTERNS FROM THE SOURCE VECTOR

The program of this section stores the synthesized patterns on a
direct access data set so that they may be plotted by the program of

section X of this report.

The activity on data sets 1 (punched card input) and 6 (direct access

input and output) is as follows.

RFAD(1,14) N6, N, NK, NP

14 FORMAT (2013)
READ(1,16) (BK(I1), I=1, NK)
16 FORMAT (5E14.7)

READ(1,14) (NG(1), I=1, NK)
READ(1,18)(X(1), I=1, N)

18 FORMAT (10F8.4)
READ(1,18)(Y(1), 1=1, N)
REWIND 6
IF(N6) 11, 11, 12

12 DO 13 J=1, N6
READ (6)

13 CONTINUE

11 FN = NP-1

DO 25 JK=1, NK
KG = NG(JK)
DO 29 JG = 1, KG
READ(1,16) (F(1), I=1, N)
29 CONTINUE
25 CONTINUE
WRITE (6) (TFM(1), I=1, J9)

The x and y coordinates of N point sources are read in as X and Y. A
source vector f at propagation constant BK(JK) is read in through F.
Inside DO loop 29 the synthesized pattern corresponding to the source

vector F is calculated as the magnitude of expression (2-17) evaluated at
2n
NP-1 °

$ = 0, 4d, 24¢... in radians where AP = The synthesized patterns

are stored one after the other in TFM,



Minimum allocations are given by

COMPLEX T(N*NP), F(N)
DIMENSION BK(NK), NG(NK), X(N), Y(N)
XCS(N#NP), TFM(J9)

where NK

J9 = NP* ] NG(I)
1=1

Nested NO loops 23 and 24 put X cos ¢+ y; sin ¢ of (2-17) in XCS.
The index JK of DO loop 25 denotes propagation constant BK(JK). Nested
DO loops 26 and 27 store the matrix [T} of (2-18) by rows in T . The
index JG of DO loop 29 denotes the JGth synthesized pattern to be computed
at propagation constant BK(JK). Nested DO loops 31 and 32 store the syn-
thesized pattern || [T)f|| of (2-17) in TFM.

The sample punched card input data is such that the patterns syn-
thesized by the programs of sections II, III, V, VI, VII, and VIII, of
this report are evaluated at every 2-1/2 degrees and stored on the first

record of data set 6.
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LISTING OF PROGRAM TO COMPUTE SYNTHESTZFD PATTERNS FRNM SOURCE VECTNR F

//

(0036 ,FF 415591 ) "MAUTZ2 4 JDF ' yREGTON=200K

// FXEC WATFIV

//GDFTOGFONT

//
1/

DD DSNAME=FF0034REVY NTSP=NLDIINTT=3330,

X

VOLUME =SER=SU0009,0CR= (RF(FM=VS RLKST7E=250A4LRFCL=2592X

KUFNO=1)

/7G0OLSYSIN DD =

$JOK

14

15

16

17

28
13

19

20

13
11

24
23

21
26

MAUTZ o TIME=1,4PAGES=40

COMPLEX UsUL,T(1450)4F(10)

DIMENSTON BK (100 oNGE10) 9 X(10) Y (10)4XCS(1450),TFM{2900)

Us(Dagte)

Pl=3,141593

READ{1914) NO6GNGNK NP
FOR4AAT(2013)
WRITE(3,15)1 NOGNoNK NP

FORAAT('0 N6 N NK NPY/1X,413)

READI1,16)1 (BT )y1=14NK)
FORYAT(SELG4,T7)
WRITE(3417)(RK(T1)yI=14NK)
FORMAT(YOBRK'/(1X,5F14.7))
READ(1914)(NGLT )y I=14NK)
WRITE(3,2R)(NG(LI)yI=1yNK)
FURMAT('ONGY/(1X,2013))
RFAD(1418) (X (1) 4I=14N}
FORMAT(10FB.4)
WRITE(3,19)(X{])el=14N)
FORMAT('0X'/(1Xy10FB.4))
RFAD{1418)(Y(T)s1=1,N)
WRITE(3,20)(Y(I)s1=1,N)}
FORMAT('OY !/ (1X,10FR.4})
REWIND 6

TF(N6) 11411012

DO 13 J=1.N6

READ(6)

CONTINUE

FNz=NP=1

DEL=2.%P1/FN

J1=0

) 23 J=z14NP

Stz (0=1)%DEL

CS=C0S(S1)

SN=SIN(S1)

N 24 1=1,4N

J1:J1+1
XCEUJL =X T )=CS+Y (] )*%SN
COMTINUE

CONTINUE

J9Q::0

N 25 JK=14N¥

KG NGLIK)

BH:RAK(JK )

J1:0

DN 26 J=1NP

nn 27 l=1'N

J1:J1 41

S1:=RR*XCS UL

TERE Y =COSEST )Y +U%SINISY)
CONTINUE

CreTIMUE
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N0 29 J6=1 K6
READ(116)(F(T}ol=14N)
WRITE(3430)(F(1),121N)

30 FORMAT('OF !/ (1X,5E14,7))
J1=0
DO 31 J=1 NP
V1=0,
DN 32 I=1,N
J1=4141
UL=UL+TIJ1 ) *F (1)
32 CONTINUF
J9=49+1
TEM(J9)=CARS (U1 )
31 CONTINUE
29 CONTINUE
25 CONTINUE
WRITE(6) (TFM(1)41=14.9)
N9 = JY /NP
Ji=1
DO 33 J=1,N9
J224149
WRITE(3,35)
35 FORMAT(YOFIRST 10 POINTS ON THE',13,' TH PATTERN')
WRITE(3,34) (TFM(T)yT=01,.2)
34 FORMAT(1X,10F8.4)
Jl=JL+NP
33 CONTINUE
sSTUP
END
SDATA
0 10 11645
0.2908RR2E+00
[

0.0000 5.360R 10,6048 15,5027 19.2h4R 19.264R 15,5027 10.604R 5,3608

0.0000

=10,0000 -9,6320 =R,4706 ~6,2894 =2,5559 2.5559 66,2894 R,4706 9,320 10,0000

=0.5421209E+400 0,5224890E-01 0.11B7R10E+N1 0,5969R31E+00-0,1646T7048E+01
=0,9448900E+00 0,6552452F+00 0.1432544E+01-0.3653175€400-0,7956181E+00
~0.9229600E-02 0.1055890F+01-0,3044195E+00-0,R30AR94E+00 0,RA3731RE~N1
0,124721BE+01-0.7381020F+0N0~-0.8539429F+00 0,5231936F+00 0,233354KE-01
“04h131346E+00-0,2752376E+00 0.1244T744E+0] 0,99A2R00E+00-0,1532R91F+01
=0.19RB4T0E+0]1 0.478731HE+00 0.2502643F+01 0.2R11250E+00-0,1595194E+01
=043373244E+400 0,1369034E+01 0.22363R1E+00-0,14355R2E+01 0,1607297E-01
0.1691813E+01~0,4139780E+00-0,12794056+01 0,4R12400E+00 0,3546119E+00
=0,3427129E+00 0.239H499E+00 0.7955879E+400 0, 1RRA41AE+00~0,9377459E+00
=0.330218T7E+00 0.1621369F+00 0.7894699FE+00-0,4094627E-03-0,21261RRE+00
=0.303A758E+00 0.4692439F+00~0.16649025E-01-0.1R21197E+N0~-0,1963134F+00
0.6173351E+400-0.5551624E+00-0.4323723E+00 0,428134RF+00-0,1717609E+00
=044177318E400~0,4299659E~01 0.8441RA3E+00 0,431074AF+00~0,9412030F+00
~0+1100197E+01-0.9687752E~-01 0.,1416602E+0)1 0,549A796E+00-0,52932R4F+00
~0.4408940E+00 0.4267602E+00 0.,3108A31E+00-0.44RRRATE+00~0,RRG1094E-01
0.,8172523E+00-0.3309910F+00-0,7249035F+00 0.4h4701RF+00 0,1289072E+00
=0,3523602E+00 0.24637B2FE+00 0.8179110F+00 0,1941064E+00-0.9640R9RE+00
~043397281E+00 0,1669634F+00 0.8117120F+00-0,6355643E-03-0,21RRA25E+400
=0e3119421E+400 0,4R25922E+00-0.1727355F~01~-0.1R75600F+00-0,201A132E+00
0.6348063E+00-0.5706120E+00-0,4445961F+00 0,4400374E+00-0,17A3947E+00
~0,4309598E 00-0.4540056E-01 0.8721079F 00 0,4469206F 00~0.9683221F 00
=0,1137715E 01-0.1040341F 00 0.14A1415F 01 0.5ARR2A1E N0-0,544344R8E 00
~0.,4561355FE 00 0.4389312F 00 0.3219824L 00-0.,4621358F 00-0,93R55A2F=01
0.H430707E 00-0,3397757F 00-0.7510453F 00 0,4793990F 00 0.,1342400E 00
$STOP
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/%
/7

PRINTED OQUIPUI

N6 N NK NP
010 1145

8K
O 290BRE2F+00

N('l
[}

X
0.,0000 5.3608 10,6048 15,5027 19.264R 19,2h4R 15,5027 10.604R 5,3608 0,000(

Y
=10.0000 =9.6120 =8.4706 -6,2894 =-2,5559 2.5559 #©,2R94 R,4706 9,6320 10.000(

F

~0,5421209E+400 0,5224R90F=0]1 O0.,11K7R10F+01 0.,5969R31E+00-0,146704RE+0D1

=0D.944BI00E+0N0 0,6552452F+00 0.1432544E+401-0,3653175F+00-0,795A1R1F+00

=0.9229600t=0, 0.1055890F+01-0.3044195E+00~0,R306R94F+00 0,RRITIIRE~OD]
0.1247218E+0 =0.,7381020F+00-0.8539429€+00 0,523193hFE+00 0,2333544E~01

[=
=0.h131346L400-0,2752376F+00 0.1244744E+0]1 0.99A2R00E+00-0.1532R91E+01
~0.198R4T0F+0 0.47R7318F+00 0.2502643F+01 0,2R11250F+00-0,1595194E+01
~043373244F+00 0.1369034F+01 0.223A3R1E+00-0,14355R82E+401 0.1407297F~01

0e1691813E+40° ~0.4139780F+00-0.1279405F+01 0,4R12400E+00 0,354A119E+00

F
=0+3427129E+00 0.2398499E+00 0.7955RTYE+00 0, 1RRA4TAF+D0-0,9377459E+00
~0.33021R7TE+0) 041621369F+00 0.7894A99E+00-0,4096627E-03=0.712A1RRE+ND
~0.,303675BE+400 0,4692439E+400-0,1469025F-01-0,182119T7E+00-0,1963134E+00

0.,6173351E+00-0.5551624E+00-0,4323723F+00 0.,42R134RE+00-0,1717609E+00

F

=0.4177318E4+00=0,4299659E-01 0,H4A1RAZE+00 0,431074AE+00-0,9412030F+00

=0,1100197t+0:-=0,96HKT752E=-01 0.1416602F+01 0,549A796F+00~0,52932R6E+0N

—0.,440H940E+01) 0,4267602E+00 0.3108A31E+00-0,44RRR97F+00~0,RRI1094F~-01
0.8172523E+40)-0.3309910E+00~-0.72A9035E400 0,464701RF+00 0,12R9072E+00

F

=043523602E+401) 0.2463782E+00 0.8179110F+00 0.1941064F+00-0,964089RF+00

=0.33972B1E+0) 0,1669634F+00 0.8117120F+00-0,6355A43F~03-0,721RRA25E+00

=0+3119421E+01) 0.4825922F+00~0,1727355F~-01-0,1875A00€6+00-0,201A1372F+00
0.6348063E+0)=-0.5T06120F+00=0,4445961FE+00 0,4400374F+00~0.17A3947F+00

F

=0.4309598F 00)-0.4540056E-01 0,H721079E 00 0.44A9206F 00-0.9AR3?221FE 00
~0,1137715F 01-0.1040341FE 00 0.,14h1415E 01 0.56RA2A1E 00-0,5644344RE 00

=0.4561355E 0) 0.4389312F 00 0.32)19R2AF 00-0,462135RF 00-0,93R5562F-01
0.R430707E 0)-043397757F 00-0.7510453F 00 0,4793990F 00 0,1342400E 00

FIRST 10 POINIS ON THF 1 TH PATTERN
1,997 27,2396 2,5691 2.79A1 2.9730 3.0940 3,1553 3.1555 3,0953 2.977

FIRST 10 POINTS (N THE 2 TH PATTERN
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2,4109

FIRST 10
1.9397

FIRST 10
2.3337

FIRST 10
1.9935

FIRST 10
2,4089

2,7330 13,0120 13,2373 33,4001

PUOINTS ON THE 3 TH PATTERN
241908 2.4135 2.6013 2.74RA8

POINTS UN THE & TH PATTERN
2.5976 2.,8257 33,0106 3.1459

POINTS UN THE 5 TH PATTERN
242516 2.4804 2.6734 2.8250

POINTS ON THE 6 TH PATTERN
2.6813 2.9168 3,1076 13,2473
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3.,4942

2.R520

3.,2272

2.9311

3.3312

3,5161

2.90R1

3,2516

2.9R8R

3.3564

3,4653

2.9160

3,21R4

249969

3.3223

3,3444

2.8760

3.1295

249558

3.2304

3.1597

247901

2.98A1

2.RAT4

3,0R44



X. PLOTS OF SPECIFIED AND SYNTHESIZED PATTERNS

The program of this section plots the synthesized patterns stored
on dire:t access data set 6 by the program ¢f section IX of this report.

Tae activity on data sets 1 (punched card input) and 6 (direct

access input and output) is as follows.

READ(1,10) N6, NG, NP, M, SCL

10 FORMAT (413, E14.7)
READ(1,12), (PHI(I), 1=1, M)
12 FORMAT (10F8.4)
READ(1,12) (H(I), I=1, M)
J9 = NP#NG
REWIND 6
IF(N6) 16, 16, 17
17 DO 18 J=1, N6
READ (6)
18 CONTINUE
16 READ (6) (TFM(1), I=1, J9)

The specified pattern evaluated at M angles PHI in degrees is read into H.
NG synthesized patterns evaluated at NP equally spaced angles ¢ are read
into TIM. All patterns are multiplied by the scale factor SCL and then

plottec in inches.
Minimum allocations are given by

DIMENSION PHI(M),H(M),XM(M),YM(M),
TFM(NP*NG), CS(NP), SN(NP), X(NP), Y(NP)

O loop 15 stores the x and y coordinates of the specified pattern
in XM ind YM respectively. DO loop 21 stores in CS and SN the cosine and

sine of the angles at which the synthesized patterns are evaluated.

""he index JG of DO loop 20 denotes the JGth synthesized pattern
to be sjlotted. DO loop 22 puts tick marks on the x axis drawn by statement
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26, DO lcop 23 puts tick marks on the y axis drawn by statement 27, DO
loop 24 plots the first 10 points on the specified pattern. The first 10
points are sufficient because the particular specified pattern used is
zero at all but the first 9 points., For a general specified pattern, DO
loop 24 should be changed to run from J = 1 to J = M, Statement 28 draws
straight lines be.:ween the x and y coordinates of the synthesized pattern
prepared by DO loop 25.
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LISTING OF PROGRAM TO PLOYT SPECIFIED AND SYNTHESIZED PATTERNS

// (0034 4EE¢30Se109012)e'MAUT7 2 JOF ! ,REGTIDN=140K
// MSG T, 70 INCHES OF PLOT PAPER 1S REOQUIRED
// EXEC FORTGCLG
//FORTSYSIN DD =
DIMENSION PHI(36)4H(36)¢XM(36)sYM(36)4TFMI{2900)XX(4)4YY(4)
DIMENSIUN CS(145),SN{145),ARFA(400)X{145),Y(145)
PI=3,161593
C=PI/IROO
READ(]1410) NO6EGNGNP ¢MoSCL
10 FIRMAT(413,E14,7)
WRITE(3411) NANGoNPoM,SCL

11 FORMAT('0 N6 NG NP MO, 55X, PSCLY/1X94134E14,7}
READ(1412)(PHI(T)yI=1,4M}

12 FIRMAT(10FB,4)
WEITE(3, 13V (PHTI(T )y ]1=1sM)

13 FOURMAT('OPHI'/{1Xy10FR.4))
READ(1412)(H(1)41=14M)
WHITE(3,14)(H{1),1=14M)

14 FIRMAT('OH*/(1X410FB,4))

D15 J=s14M
S1=CxpPHI (L)
Se=SCL%H())
XM{J)=6h,452%C0OS(S])
YHIJ)=5,452%SIN(ST)

15 CONTINUE
JU=NPENG
REWIND 6
THING)Y 16416417

17 D 18 Jd=1,Né6
READ(6)

1R CONTINUE

16 READIGI(TFMIT Y1 =1,49)
WETTE(3.19)(TFMIT)I=1410)

19 FORMAT('OTFMY/(1X.10FH.4))
xX3(1)=1,

X1(2)=11,
Y'(1)=5,
Y'{21=5,

X' (3)=6,
X{lb)=6,
Yv{3)=0.

Y/ {4)=10,
FH=NP=1
DL=2,%P[/FN
P21 J=1,.NP
Si={J=11%DEL
CHiJ)=C0SISs1)
SWEJ)I=SIN(SY)

21 CONTINUE
CiL PLOTID
CatL PLOTS(AREA,400)

J1=0
D 20 J6G=14NG
26 CALL LINE(XX(1)4YY{1)42+190+0)
S.=1%.
NY 22 J=1,11
CALL SYMROL(S1+5evel4e134069-1)
51=51-1.
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22 CONT

INUE

27 CALL LINE(XX(3)eYY(3)42¢14000)

S1=1
Do 2

0.
3 J=1.11

CALL SYMAROL(6e¢S14414413,9004-1)

S1=S
23 CONT
0o 2

CALL SYMROL(XM(J)eYMIUd)salasss0e0-1)}

26 CONT
vo 2
Ji=J

1-1.
INUE
& J=1,10

INUE
5 =1 4NP
1+1

S1=SCL*TFM(U])
X(J)1=6,+S1%CS ()
YiJ1=5.+S1*SN()

25 CONT

INUE

28 CALL LINE(X,Y NP,s1,0,0)

CALL PLOT(11.40.4-3)

20 CONT

CALL PLOT(3.40.4=3)

SToP
END
/%

INUE

//GFTO6F001 DD DSNAME=EENO34,REVY,LNTSP=NLD,UNIT=3330,
VOLUME=SFR =SUQ009DCR=(RECFM=VS,RLKST7E=259A4 LRECL=2592,Y

//
/!
//G0SYSIN

0 6145 36 0.5000000E+00

RUF
Dn =

NO=1)

X

5,0000 15.0000 25,0000 35,0000 45.0000 55.0000 £5,0000 75,0000 R5,0000 95.0000
105.,0000115.0000125.,0000135,0000145.0000155.0000145,0000175.00001R5.0000195.0000
205,0000215,0000225.0000235.0000245.,0000255.0000265,000027%5,00002R5,0000295,0000
305.0000315.0000325,0000355.000034%5.,0000355.0000

5.0191
0.0000
0.0000
0.0000
/%
//

3.8637
0.0000
0.0000
0.0000

PRINTED OUTPUT

N6 NG NP

0 6Kl45 36 0.5000000E+00

PHI

M S

23662
0.0000
0.0000
0.,0000

cL

1.7434
0.0000
0.0000
0.0000

l.6142
0.0000
0.0000
0.0000

1.220R
0.0000
0.0000
0.0006

1.1034

1.0353

1.003R

60,0000 0,0000 0,0000
0,0000 0,0000 0,0000 0,0000

0.0000
0.0000

5.0000 15.0000 25.0000 35.0000 45.0000 55.0000 A#5,0000 75.0000 R5.,0000 95.0000
105,0000115.0000125.0000135.00000145,0000155.0000165,0000175,00001R5,0000195,0000
205.0000215.0000225.0000235,0000245,0000255.0000265,0000275.00002R5.0000295,0000
305.0000315.0000325.0000335.0000345.000035%.0000

H
5.0191
0.0000
0.0000
0.0000

TFM
1.9967

3.H637
0.0000
0.0000
0.0000

242996

23662
0.0000
0.0000
0.0000

7245691

1,743
0.0000
0.0000
0.0000

2.79A1

let4142
0.0000
0.0000
0.0000

29730

71

1.220R
0.0G00
0.0000
0.0000

3.0940

1.1034
0.,0000
0.0000

3.,1553

1.03563
0.0000
0,0000

3.1555

1.003R
0.0000
0.,0000

3,0953

0,0000
0.0000
0.,0000

297717
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